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Bicyclic Fibrinogen Antagonists 

5 

Field of th&InvCTrinn 

This invention relates to novel bicyclic compounds which inhibit platelet 
aggregation, phannaceutical compositions containing the compounds and methods of 
1 0 using the compounds. 

Background nf the. Inv^n^tt^n 

Platelet aggregation is believed to be mediated primarily through the fibrinogoi 
15 receptor, or GPHb-IIIa platelet receptor complex, which is a member of a famfly of 
adhesion receptors referred to as integiins. It has been found that f requenfly the natural 
ligands of integrin receptors are proteins which contain an Aig-Gly-Asp sequence. Von 

Willebrand factor and fibrinogen, which are considered to be n atural ligands fnr thft 

GPnb-ma receptor, possess an Arg-GIy- Asp (ROD in single letter amino acid code) 
20 sequence in their primary structure. Functionally, these proteins are able to bind and 
crosslink GPnb-ma receptors on adjacent platelets and thereby effect aggregation of 
platelets. 

Fibronectin, vitronectin and thrombospondm are RGD-containing proteins which 
have also been demonstiated.to bind to GPHb-HIa. Fibronectin is found in plasma and as 
25 a structural protein in the intracellular matrix, Bindmg between the structural proteins 
and GPnb-ma may function to cause platelets to adhere to damaged vessel walls. 

Linear and cyclic peptides which bind to vitronectin and contain an RGD 
sequence are disclosed in WO 89/05150 (PCT US88/04403). EP 0 275 748 discloses 
linear tetra- to hexapeptides and cyclic hexa- to octapeptides which bind to the GPHb-ffla 
30 receptor and inhibit platelet aggregation. Other linear and cycUc peptides, the disclosure 
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of which are incorporated herein by reference, are reported in EP-A 0 341 915. However, 
the peptide like structures of such inhibitors often pose problems, such as in drug 
delivery, metabolic stability and selectivity. Inhibitors of the fibrinogen receptor which 
are not constructed of natural amino acid sequences are disclosed in EP-A 0 372,486, EP- 
5 A 0 381 033 and EP-A 0 478 363. WO 92/07568 (PCT/US91/08166) discloses 
fibrinogen receptor antagonists which mimic a conformational Y-tum in the RGD 
sequence by forming a monocyclic seven-membered ring structure. There remains a 
need, however, for novel fibrinogen receptor antagonists (e.g. inhibitors of the GPUb-IIIa 
protein) which have potent in vivo and in vitro effects and lack the peptide backbone 

10 structure of amino acid sequences. 

The present invention discloses novel bicyclic compounds including bwizazepines 
and benzodiazepines, which are inhibitors of the GPHb-IUa receptor and inhibit platelet 
aggregation. Certain 5-phenyH,4-benzodiazepines are known as a class of drugs which 
affect the central nervous system, and have been used as anxiolytics. See Stembach, 

15 LH., J. Med, Chem, 22, 2 (1979). It has also been disclosed that certain 5-phenyl-l,4- 
benzodiazepines antagonize the effects of cholecystokinin. See Friedinger, MecL Res. 
Rev., 9, 271 (1989). Certain bicyclic compounds which have fibrinogen antagonist 
activity are disclosed in WO 93/08174 (PCTAJS92/08788). WO 93/00095 
(PCT/US/92/05463) and WO 94/14776 (PCT/US93/12436). 

20 

Summary of the Tnvftntinn 

In one aspect this invention is a compound as hereinafter disclosed for inhibiting 
platelet aggregation. 

25 This invention is also a pharmaceutical composition for inhibiting platelet 

aggregation or cloTformation, which comprises a compound of the invention and a 

pharmaceutically acceptable carrier. 

This invention further comprises the use of a compound as hereinafter described 

in the manufacture of a medicament for inhibiting platelet aggregation 
30 In another aspect, this invention provides a method for inhibiting reocclusion of 

an artery or vein in a mammal following fibrinolytic therapy or angioplasty, which 

comprises internally administering an effective amount of a compound of the invention. 

This invention is also a method for treating stroke, transient ischemia attacks, or 

myocardial infarction. 



35 
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Petailed Descrintion nf thp. invftnttn^^ 

Although not intending to be bound to any specific mechanism of action, die 
compounds of this invention are believed to inhibit the binding of fibrinogen to the 
5 platelet-bound fibrinogen receptor GPHb-HIa, and may interact with other adhesion 
proteins via antagonism of a putative ROD binding site. 

Compounds of this invention are encompassed by formula (I): 




wherein 

AiisNHorCH2. 

R is H, Ci.6allqrl, benqrl or a cartwxy protecting group. Preferably R is a 
R3 is H, Ci.ca]kyl, C3.$alkenyl, Ar-Co^jalkyl, C3.7cycloalkylQ),6alkyl, or Het- 
15 Qvealkyl. In particular, R3 may be hydrogen, mediyl, isopropyl, n-bulyl, isopentyl, 2^- 
dimethylbutyl, benzyl, phenylethyl, phenylpentyl. 2-thienylethyl, orcyclohexylefliyL 

R6 is 4-amidino-Ar-N(CH3)CO, 4-amidino-Ar-CONH, [[2-(4-piperidinyl)ethyl]- 
methylamino]carbonyl,(4,4'-bipiperidin-l-yl)carbonyl,[4-(2-aminoethyl)piperidin-l- 
yl]carbonyl, (([3-(4-piperidinyl]propyl] methylamino]carbonyl, I-[4-(4- 
20 pyridyDpiperazinylJcarbonyl, [[2-[(2-amino)pyrid-4-yl]ethyl]methylamino]carbonyl, [[2- 
(4-piperidinyl)ethyl]carbonyIl amino, [[2-(4.piperidinyl)ethyl] carbonyl]amino, [[2-(l- 
piperazinyl)ethyl] methylamino]cari)onyl, K4-(aminoiminomethyl)phenyl]carbonyl]- 

amino, or [[(l,2,3,4.tetrahydro-7-isoquinolinyl]amino]carbonyl: 

X is H, Ci^alkyl, Cj^alkoxy, Ci^alkthio, trifluoroalkyl, H(f02, CO2K', 
25 CON(R')2,OH.F,Cl,BrorI. PrcferablyXisH. 

Also included in this invaition are pharmaceutically acceptable addition salts, 
complexes or prodrags of the compounds of this invention. Prodrugs arc considered to be 
any covalenUy bonded carriers which release the active parent drug according to formula 
Q) in vivo. 

30 In one subgenus, Al is NH and forms a 1,4 benzodiazepine which is preferably 

subsituted in the 8 position, and R6 is [[2-[(2-amino)pyrid-4- 
yl]ethyl]methylamino]carbonyl. t[2-(4-piperidinyl)ethyl] methylaminojcarbonyl, or [[4- 
(aminoiminomethyl)-3-fluoroph©nyl]raethylamino]carbonyl. Prcfaably, R6 is ([2-(4- 
piperidinyl)ethyl] methylaminojcarbonyl. 
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In another subgenus. is NH and forms a 1,4 benzodiazepine which is 
substituted in the 7 position, and is (4,4-bipipeiidin-l-yl)carbonyl, [[4- 
(arainoiminoraethyl)phenyl]methylamino]carbonyl, [4-(2-aminoethyl)piperidin-l - 
yl]carbonyl. [[[3-(4-piperidinyl]propyI] methylamino]caibonyl, l-[4-(4- 
pyridyl)piperazinyI]carbonyl, or [[(1.2,3,4-tetrahydro-7-isoquinolinyl]amino]carbonyl. 
Preferably, R6 is (4,4 -bipiperidin-l -yl)caibonyl. 

In yet another subgenus, Al is CH2 and forms a 2-benzazepine, which is 
substituted in the 7 or 8 position, and R6 is (4,4 -bipiperidin-l-yl)carbonyl, [[4- 
(arainoiminomethyl)phenyl]raethylamino]carbonyI, [[2-(4-piperidinyi)ediyl] 
carbonyljamino, [[2-(4-piperidinyl)ethyl] carbonyl]raethylamino, [[4- 
(aminoiminomethyl)phenyl]caibonyl]amino or [t2-(4-piperidinyl)ethyl] 
methyIamino]carbonyi. 

Preferred compounds of this invention are: 



O 




m 

wh^in if-X-is HrR^ is not phenylethyl orrwith respm^t^ 

Such compounds wherein X is H and R3 is phenylethyl or cyclohexylethyl are described. 

in WO 94/14776 and are not a part of this invention. 

General compounds of this invention include: 

(R,S)-2,3,4,5-tetrahydro-4-raethyl-3-oxo-8-[[[2-(4-piperidinyl)ethyl] 

methylamino]carbonyl]-lH-l,4-benzodiazepine-2-acetic acid; 

(R,S)-2,3,4,5-tetrahydro4-isopentyl-3-oxo-8-[t[2-(4-piperidiny0^^ 

carbonyl]-lH-l,4-ben2odiazepine-2-acetic acid; 

(R,S)-84[[4-(aminoiminoraethyl>3-fluorophenyl]methylamino]carbonyI]-2,3,4,5- 
tEtrahydro-3-oxo-4.(2-phenylethyl).lH-l^benzodiazepine-2-a^^^ 
(R»S>8-[[(l,2,3,4-tetiahydro-7-isoquinoiinyl]araino]carbonyl].2,3A5-t^^ 
4-(2-phenyIethyl)-lH-l,4-benzodiazepine-2-aceticacid; 
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(R,S)-74(4,4'-bipiperidin-l-yl)carbonyl]-4.[2-(cycto^^ 
oxo-lH-l,4-benzodiazepine*-2-acetic acid; 
(R,SH-[[4-(2-amiii<)ethyl)piperidin.l-yl]carbonyl]-2,3A^^ 
phenylethyl)-lH-l ,4-benzodiazepine-2-acetic acid; 

5 (R,S)-7-[[(1.2,3Atetrahydi^7-isoquinolinyl]amino]carbonyl]-23A5-tet^ 
4-(2-phenylethyl)- IH- 1 ,4-benzodia2epine-2-acetic acid; 
(R,SH-[(4,4-bipiperidin-l-yl)carbonyl]-23»4^-tetr^^^ 
benzodiazepine-2-acetic acid; 
(R,S>23A5-teti:ahydro-3-oxo-2-(2-phenylethyl)-7-[[[2^ 
10 methylamino]-carbonyl]-lH-2-benzazepine-4-acetic acid; 
(R,S)-2-butyl-2,3A5-tetrahydro-3-oxo-7-[[[2-(piperid^ 
ethyl]methylamino]caitonyl]-lH-2-benzazepine4-aceticad^ 
2-benzyl-23A5-tetrahydro-3-oxo-7-[[[2-(piperidin-4-yl)-em^^^ 
lH-2-benzazepine-4-acetate; 

15 23,4,5-letrahydro-3-oxo-2.(5-phenylpentyl)-7-[t[2-(piperidin^^^ 
carbonyl]-lH-2-benza2epine-4-acetate; 

(R,S)-74[I4-(aminoiminomethyl)phenyl]methyIamino]carbonyl]-23,^^ 
isopropyl-3-oxo-lH-2-benzazepine-4-acetic acid; 
R,S)-23A5-tetrahydro-2-isopropyl-3-oxo-7-[[[2-(4.pi^^ 
20 carbonyl]-lH-2-benzazepine-4-acetic acid; 

(R.S)-2,3A5-tetrahydrc)-2-isopentyI-3-oxo.7-[[t2-(4-piperi^ 
carbonyl]-lH-2-benzazepine-4-acetic acid; 

(R,S)-2-(33-diraethylbutyl)-23A5-tetrahydro-3K)xo-74[[2-(4.piperi^^ 
methyIamino]carbonyl]-lH-2-ben2azepine-4-aceticacid; 
25 . (R,S>2-cyclohexyl-23A5-tetrahydro-3-oxo-7-[[[2-(4-piperi^^ 
raetfiylammolcaSw^ 

(R,S>2-[2-(4-fluorophenyl)ethyl].23.4^-tetnihydro^ 
metfaylainino]carbonyl]*lH-2-benzazepine-4-acetic acid; 
(R.S)-74[[4-(aminoiminoraethyl)phenyl]carbonyl]amino]-23,4^-^ 
30 phenylethyl]-lH-2-benzazepine-4-acetic acid; 

(R,S)-2-[2-(cyclohexyl)ethyl]-23,4,5-tetrahydro-3-oxo-7-[[[2-(^^^^ 
carbonyl]araino]-lH-2-benzazepine-4-aceticacid; 
(R,S)-8-[(4A-bipiperidin-l-yl)carbonyl]-2.3A5-tetra^^ 
2-benzazepine-4-acetic acid; 

35 (R,S)-23A5-tetrahydro-3.oxo.2K2-phenylethylH"[[[2-(^^^ 
raethylamino]carbonyl]-lH-2-benzazepine-4-propionicacid; 
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(+)-74(4,4*-bipiperidin-l-yl)carbonyl]-23A5-tetra^ 
benzodiazepine-2-acetic acid; 

(-)-7-[(4,4*-bipiperidin-l-yl)carbonyl]-23A5-tetrahydro-3-o^ 
benzodiazepine-2-acetic acid; 

5 (R,S)-7-[[(4,4*.bipiperidin-l-yl)]carbonyl]-23A5-tetrahydro-4-^^^ 
benzodiazepine-2-acetic acid ; 

(R)-7-[(4,4'-bipiperidin-l-yl)cail)onyl]-23,4,5-tetrahydro-4-meA^^^ 
benzodiazepine-2-acetic acid; 

(S)-7-[(4,4*-bipiperidin-l-yl)carbonyl]-23A5-teti^^ 
10 benzodiazepine-2-acetic acid; 

Sodium (R,S)-7-I(4,4'-bipiperidin-l-yl)carbonyl]-23 
1 ,4-ben2odiazepine-2-acetate; 

(R)-23,4,5-tetrahydro-4-methyl-3-oxo-8-[[[2-(4-piperidinyl)ethyl] 
methylamino]carbonyl]-lH-l ,4-benzodiazepine-2-acetic acid; 
15 (S)-23,43-tetrahydro-4-methyl-3-oxo-8-[[[2-(4-piperidinyl)ethyl] 
raethyIamino]carbonyl]-lH-l,4-benzodia2epine-2-acetic acid; 
(R.S>8-[[(4.4'-bipiperidin-l-yl)]carbonyl]-23A5-tetrahy^^^ 
ben2azepine-4-acetic acid; 

(R,S)-23,43-tetrahydn)-7-[l-[4^(4-pyridyl)piperazinyy 
20 l,4-ben2odiazepine-2-aceticacid; 

(R.S)-74[[4-(aininoiminomethyl)phenyl]methylamino]carbonyI]-23^^^^ 
(2-thienyl)ethyl]-3-oxo-lH-2-benzazepine-4-aceticacid; 
(R,S)-23A5-tetrahydro-3-oxo-4-(2.phenylethyll).74[[3-(4-pi^^^^ 
methylamino]carbonyl]-lH-l,4-benzodia2epine-2-acetic acid; 
25 (R,S)-23A5-tetrahydro-4-raethyl-3-oxo-7-[[[3K4-piperidnyl]prop^^^ 
metliylainina]dafboivl]nm acid ; 

(R,S>23,43-teti^ydro-4-isopropyl-3-oxo-8-[[[2-(4-piperi^^ 
raethylamino]carbonyl]-lH-l,4-benzodiazepine-2-aceticacid; 
(S)-2,3,4,5-tetrahydro-4-(2-phenylethyl)-3-oxo-8-[[[2-(4- 
30 piperidinyl)ethyl]raethylamino]carbonyl]-lH-l,4-ben20diazepin^^ add; and 
(R.SH4[[4-(arainoiminometliyl)phenyl]carbonyl]raethylamino]-^^^ 
oxo-2-(2-phenylethyl].lH-2-benzazepine-4-acetic acid 
Specific prcfeired compounds of tliis invention are 

(R,S>23,4.5-tetrahydro-4-methyl-3K)xo-8-[[[2-(4-piperidinyl)ethyy 
35 raethylamino]cart)onyl]-lH-l,4-benzodia2epine-2-acetic add; 
(S)-23A5-tetrahydro-4-methyl-3-oxo-8-[[[2-(4-piperidinyl^^^ 
methylamino]carbonyI]4H-l,4-benzodiazepine-2-acetic acid; 
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(R,S)-2,3A5-tetrahydro-3-oxo-4-metliyl-8-[[[2-[(2-amino)pyrid-4- 

yl]ethyl]methylamino]caitonyl]-lH-1.4-benzodiazepine-2-aceticacid; 

(R.S)-74(4,4'-bipiperidin-l-yl)carbonyl]-23.4^.tetnAydro^methyl-^oxo-lfr 
benzodiazepine-2-acetate; 

Sodium (R.S)-7-((4,4'-bipiperidin-l-yl)carbonyl]-23.44-tetrahydio-^^^ 
1 ,4-benzodia2epine-2-acetate; 

(S)-7-I(4.4'^)ipi|)eridin-l.yl)carbonyl>23A5-tetrahy&^^ 
benzodiazq)ine-2-acetic add; 

Compounds of tbis invention wherein R3 is H orCi^allcyl. particulariy H, methyl 
or isopropyl, have particularly favorable pharmacological and phamacokinetic 
properties. 

Hie meaning of any substituent at any one occunence is independent of its 
meaning, or any other substituenf s meaning, at any other occurrence, unless specified 
othenvise. In cases wherein the compounds of this invention may have one or more 
chiral centers, unless specified, this invention includes each unique nonracemic 
compound which may be synthesized and resolved by conventional techniques. In 
general, compounds which have the S configuration at the chiral ring carbon to which the 
acetate group is attadied are prefored. 

Abbreviations and symbols commonly used in the peptide and chemical arts are 
used herein to describe the compounds of this invention. In general, the ammo acid 
abbreviations foUow tiie lUPAC-IUB Joint Commission on Biochemical Nomenclature 
as described in Eur. J. Biochem., 158, 9 (1984). 

Ci^alkyl as appUed herein is meant to include optionally substituted methyl, 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl and t-butyl. d^alkyl additionally includes 
pentyl, n-peniyl. isopentyl. neopentyl and hexyl and th e simple aliphatic isomere Uiereof. 
C(Mallgrl-and Co:6alkyI additionally indicaie^^ no alkyl group need be present (e.g.. 
that a covalent bond is present). 

C3^ alkenyl as iappUed herein means an optionaUy substituted alkyl group of 3 to 
6 carbons wherein a carbon-carbon single bond is replaced by a carbon-caibon double 
bond. Ca^enyl includes 1-propene, 2-propene. 1-butene, 2-butene, isobutene and the 
several isomeric pentenes and hexenes. Botii cis and trans isomers are included. 

Ar, or aiyl, as appUed herein, means phenyl or naphthyl, or phenyl or naphfliyl 
substituted by one to three moieties X. In particular, X may be H, C^alkyl, C^alkoxy 
Ci^alkthio, trifluoroalkyl. N(R')2, CQtR', C0N(R')2, OH, F, CI, Br or I. 

A substittient on a C,^lkyl or Cj^alkenyl. such as X, may be on any carbon 
atom which results in a stable structure, and is available by conventional syntiietic 
techniques. 
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Het, or heterocycle, indicates an optionaUy substituted five or six merabered 
monocyclic ring, or a nine or ten-merabered bicyclic ring containing one to three 
heteroatoms chosen from the group of nitrogen, oxygen and sulfur, which are stable and 
available by conventional chemical synthesis. Illustrative heterocycles are benzofuian. 
5 benzimidazole, benzopyran, benzothiophene, furan, imidazole, indoline. morpholine, 
piperidine, piperazine, pyrrole, pyrrolidine, tetrahydropyridine, pyridine, thiazole, 
thiophene, quinoline, isoquinoline, and tetra- and perhydro- quinoline and isoquinoline. 
Any accessible combination of up to three substituents. such as chosen from X, on the 
Het ring that is avaUable by chemical synthesis and is stable is within the scope of this 
10 invention. 

C3.7cycloalkyl refers to an opiionaUy substituted carirocycUc system of three to 
seven carbon atoms, which may contain up to two unsaturated carbon-carbon bonds. 
Typical of C3.7cycloalkyl are cyclopropyl, cyclobutyl, cyclopentyl. cyclopentenyl, 
cyclohexyl, cyclohexenyl and cycloheptyl. Any combination of up to three substituents, 
15 such as chosen from X. on the cycloalkyl ring that is available by conventional chemical 
synthesis and is stable, is within the scope of this invention. 

t-Bu refers to the tertiary butyl radical. Boc refers to the t-butyloxycaibonyl 
radical, Ftaoc refers to the fluorenylmethoxycaibonyl radical, Ph refers to the phenyl 
radical, Cbz refers to the benzyloxycarbonyl radical, BrZ refers to the 
20 o-broraobenzyloxycarbonyl radical. CIZ refers to the o-chlorobenzyloxycarbonyl radical, 
Bzl refers to the benzyl radical, 4-MBzl refers to the 4-methyl benzyl radical. Me refers ' 
to methyl, Et refers to ethyl, Ac refers to acetyl, Alk refers to Ci.4alkyl, Nph refers to 1- 
or 2-naphthyl and cHex refers to cyclohexyl. 

DCC refers to dicyclohexylcarbodiimide, DMAP refers to 4-(dimethylamino) 
25 pyridine, DBEA refers to diisopropylethyl amine, EDC rcfere to N-ethyl-N'- 

(dimethylaminopropylj^bodiinride:HOBt refas^to-r-hydfox^ THF refers 

to tetrahydrofiiran, DMF refers to dimethyl formaraide, NBS refers to N-bromo- 
succinimide, Pd/C refers to a palladium on carbon catalyst, PPA refas to 1- 
propanephosphonic acid cycUc anhydride, DPPA refers to diphenylphosphoiyl azide, 
3 0 BOP refers to benzotriazol-I-yloxy-tris(dimethylamino)phosphonium 

hexafluorophosphate, HF refers to hydrofluoric acid, TEA refers to triethylamine, TFA 
refers to trifluoroacetic acid, PCC refers to pyridinium chlorochromate. 

Compounds of this invention are prepared by treating, in any order, a compound 
of the structure: 
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X A X^COaR 

OV) 

wherein A^, X, R and R3 are as defined above, and R^* is R^ wherein any basic nitrogen 
is protected, with a reagent: 
5 (i) to remove an amino protecting group from R^'J and, if necessary, 

(ii) to remove a carboxy protecting group from CO2R; and 

(iii) form a pharmaceutically acceptable salt theieof 

Illustrative of R^' is R^ wherein the amidino, amino or piperidinyl group is protected by a 
benzyloxy, t-butoxycarbonyl or trifluoroacetyl group. 
10 The compounds of formula (IV) are generally prepared by reacting a compound of 

the formula (XI) with a compound of the formula (XII): 

0- 



(XI) (xn) 

15 wherein Al and R3 are as defmed for formula (I), with any reactive functional groups 
protected, R is Ci^alkyl, benzyl or a carboxy protecting group, U is CO2H or NHR', 
wherein R* is H or Ci.4alkyl, particularly methyl. 

Li and L? are functional groups which are citable of reacting to form an amide 
bond. If Li is CO2H, then is a basic nitrogen group, such as an amino, methylamino 

20 or the nitrogen of a piperidinyl group. For instance R6"-L2 is 4-amidinQ-Ar.NHRV2>(4 

piperidinyl)(N-methyl)ethylaraine, 4-(4-piperidinyl)piperidine, 4-(2-aminoethyl)- 
piperidine, 3-(4-piperidinyl)propyl(N-raethyl)amine, 4-(4-pyridyl)piperazine, 2.(2-amino- 
pyrid-4-yl)ethyl(N-methyl)amine or (1.2,3,4.tetrahydro-7-isoquinolinyl)amine, wherein 
flie non-ieactive basic nitrogen of the amidino, piperidinyl or amino group is protected by 

25 an amino protecting group. 

If Ll is NHR\ then L2 is a carboxylic acid group, for instance R6"-L2 is 3-(4- 
piperidinyl)propanoic acid or 4-araidino-Ar-C02H, wherein the basic nitrogen of the 
piperidinyl or amidino group is protected. 

Hie compounds of formula (XI) arc benzodiazepines and benzazepines, and are 

3 0 prepared by general methods known in the art such as those disclosed in WO 93/00095 
(PCT/US/92/05463) and WO 94/14776 (PCT/US93/12436) which are incorporated 
herein by reference. Compounds of formula (XH) generally contain two basic centers of 
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which one is protected, and are likewise known to the art See, for instance, 
W094/14776. 

Coupling reagents as used herein denote reagents which may be used to form 
amide bonds. Typical coupUng methods employ carfcodiimides, activated anhydrides and 
5 esters, and acyl halides. Reagents such as EDC. DCC, DPPA, PPA. BOP reagent, HOBt, 
N-hydroxysuccinimide and oxalyl chloride arc typical. 

Coupling methods to form amide bonds are generaUy weU known to the art The 
methods of peptide synthesis generaUy set forth by Bodansky et al.. THE PRACnCE OF 
PEPTIDE SYNTHESIS, Springer-Verlag. Berlin, 1984, Metal in J. Med Chenu, 29, 984 
10 (1986) and /.JIfci am,30.2291 (1987) arc generally illustrative of the technique and 
are incorporated herein by rrference. 

Solution syntiiesis for tiie fomation of amide bonds is accomplished using 
conventional raetiiods used to form amide bonds. Typically, tiie amine or aniUne is 
coupled via its free amino group to an appropriate carboxyUc acids substrate using a 
15 suitable carbodiimide coupling agent, such as N.N'-dicyclohexyl caibodiimide (DCC) or 
EDC, optionally in tiie presence of catalysts such as 1-hydroxybenzottiazole (HOBt) and 
dimetiiylamino pyridine PMAP). Oflier metiiods, such as tiie formation of activated 
esters, anhydrides or acid haUdes, of flie free carboxyl of a suitably protected acid 
substrate, and subsequent reaction witii the free amine of a suitably protected amine, 
optionally in tiie presence of a base, are also suitable. Pbr example, a protected Boc'- 
amino acid or Cbz-amidino benzoic acid is treated in an anhydrous solvent, such as 
methylene chloride or tetrahydrof uran (THF), in tiie presence of a base, such as N-metiiyl 
morpholine, DMAP or a trialkylamine, witfi isobutyl chlorofoimate to form tiie "activated 
anhydride", which is subsequenfly reacted wifli tiie free amine of a second protected 
amino add or aniline. 

-The reactive fimctioiial groups oftiiesiaechains of each synthetic fragment are 
suitably protected as known in tiie art Suitable protective groups are disclosed in 
Greene. PRoracnVE groups in organic CHEMisniY. John Wiley and Sons. New York, 
1981. For example, tiie Boc, Cbz. phflialoyl or Fmoc group may be used for protection of 
an amino (or tiie nitrogen of a piperidinyl) or amidino group. Tlie Boc group is generally 
preferred for protection of an amino group. A metiiyl, efliyl, t-Bu, cHex, benzyl, 
substitoted benzyl, (pivaloyl)metiiyl or (2-metiiyl-2-metiioxypropanoyl)mefliyl wter may 
be used for tiie protection of tiie carboxyl group. A benzyl group or suitably substituted 
benzyl group {eg., 4-metiioxy-benzyl or 2.4-diraetiioxy-benzyl) is used to protect the 
mercapto group or tiie hydroxyl group. The tosyl group may be used for protection of tiie 
imidazolyl group and tosyl or nilro group for protection of tiie guanidino group. A 
suitiibly substiftited caibobenzyloxy group or benzyl group may be also be used for tiie 
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hydroxyl group or amino group. Suitable substitution of the carbobenzyloxy or benzyl 
protecting groups is ortho arid/or para substitution with chloro, brorao, nitro, methoxy or 
methyl, and is used to modify the reactivity of the protective group. Except for the Boc 
group, the protective groups for the amino moiety are. most convenientty, those which 
5 are not removed by mild acid treatment. These protective groups are removed by such 
methods as catalytic hydrogenation, sodium in liquid ammonia or HF treatment, as 
loiown in tiie art. 

Methods for removal of the a carboxy or amino protecting group are well known 
in the art For example, an alkyl or cycloalkyl ester may be removed by basic hydrolysis, 

10 for instance an alkali metal hydroxide, such as sodium, potassium or lithium hydroxide in 
a suitable solvent, such as aqueous alcohol. A benzyl ester is typically removed by 
hydrogenation over a palladium catalyst, A basic nitrogen protected by a t- 
butyloxycarbonyl group, or a t-butyl ester, is typically removed by acid treatment, such as 
by trifluoroacetic acid or hydrochloric acid, optionally diluted witii a solvent, such as 

15 metiiylene chloride and/or dioxane. The benzyloxycarbonyl group is generally removed 
by hydrogenation over a palladium catalyst A trifluoroacetyl group is typically removed 
by basic hydrolysis, such as by treatment with an alkali metal hydroxide in a suitable 
solvent One useful synthetic method for protecting the basic nitrogen of a piperidinyl 
group is to carry tiie group tiirough a synOiesis as a pyridinyl group, vrfiich may be 

20 reduced with a platinum catalyst toward the end of the synthesis to "remove- the 
protecting group. 

Acid addition salts of tiie compounds arc prepared in a standard manner in a 
suitable solvent from the parent compound and an excess of an acid, such as 
hydrochloric, hydrobromic, sulfuric, phosphoric, acetic, maleic, succinic or 
25 methanesulfonic. Most of tiie compounds form inner salts or zwitterions which may be 
accq)table.-eationic salts arc prepared by treating parent compound with an excess of 
an alkaline reagent, such as a hydroxide, carbonate or alkoxide, containing flie 
appropriate cation; or widi an appropriate organic amine. Cations such as Li+. Na+. K+, 
Ca++. Mg++ and NH4+ arc specific examples of cations prcsent in pharmaceutically 
30 acceptable salts. 

This invention provides a pharmaceutical composition which comprises a 
compound according to formula (I) and a pharmaceutically acceptable carrier. 
Accordingly, tiie compounds of formula Q) may be used in tiie manufacture of a 
medicament Pharmaceutical compositions of ttie compounds of formula (I) prepared as 
3 5 hereinbefore described may be formulated as solutions or lyophilized powders for 

parenteral administration. Powdws may be reconstituted by addition of a suitable dUuent 
or otiier pharmaceutically acceptable carrier prior to use. The liquid formulation may be 
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a buffered, isotonic, aqueous solution. Examples of suitable diluents aie normal isotonic 
saline solution, standard 5% dextrose in water or buffered sodium or ammonium acetate 
solution. Such formulation is especially suitable for parenteral administration, but may 
also be used for oral administration or contained in a metered dose inhaler or nebulizer 
5 for insufflation. It may be desirable to add excipients such as polyvinylpyrrolidone, 
gelatin, hydroxy cellulose, acacia, polyethylene glycol, mannitol, sodium chloride or 
sodium citrate. 

Alternately, these compounds may be encapsulated, tableted or prepared in a 
emulsion or syrup for oral administration. Pharmaceuticaliy acceptable solid or liquid 

1 0 carriers may be added to enhance or stabilize the composition, or to facilitate preparation 
of the composition. Solid carriers include starch, lactose, calcium sulfate dihydrate, terra 
alba, magnesium stearate or stearic acid, talc, pectin, acacia, agar or gelatin. Liquid 
carriers include syrup, peanut oil, olive oil, saline and water. The canrier may also 
include a sustained release material such as glyceryl monostearate or glyceryl distearate, 

15 alone or with a wax. The amount of solid carrier varies but, preferably, will be between 
about 20 mg to about 1 g per dosage unit The pharmaceutical preparations are made 
following the conventional techniques of pharmacy involving milling, mixing, 
granulating, and compressing, when necessary, for tablet forms; or milling, mixing and 
filling for hard gelatin capsule forms. When a liquid carrier is used, die preparation will 

20 be in the form of a syrup, elixir, emulsion or an aqueous or non-aqueous suspension. 
Such a liquid formulation may be administered direcfly p.o. or filled into a soft gelatin 
capsule. 

For rectal administration, the compounds of this invention may also be combined 
witii excipients such as cocoa butter, glycerin, gelatin or polyetiiylene glycols and molded 

25 into a suppository. 

The compoundsof this invention may be used in vitro to inhibit die aggregation 
of platelets in blood and blood products, e.g., for storage, or for ex vivo manipulations 
such as in diagnostic, theiapeutic or research use. 

This invention also provides a metiiod of inhibiting platelet aggregation and clot 

30 formation in a mammal, especially a human, which comprises the internal administration 
of a compound of formula (I) and a pharmaceuticaliy acceptable carrier. Indications for 
such flierapy include acute myocardial infarction (AMI), deep vein thrombosis, 
pulmonary embolism, dissecting anurysm, transient ischemia attack (TIA), stroke and 
otiier infarct-related disorders, and unstable angina. The compounds of tiiis invention are 

35 also useful for preventing restenoas of an artery or vein in a mammal following 
angioplasty. Chronic or acute states of hyper-aggrcgability, such as disseminated 
intravascular coagulation (DIG), septicemia, surgical or infectious shock, post-operative 
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and post-partum trauma, cardiopulmonaiy bypass surgery, incompatible blood 
transfusion, abruptio placmta, dirombotic thrombocytopraic purpura (TIP), snake 
venom and immune diseases, are likely to be responsive to such treatment These 
compounds arc also believed to be useful for adjunct ther^y following angioplasty. In 
5 addition, the compounds of this invention may be useful in a method for the prevention of 
metastatic conditions, the prevention or treatment of fungal or bacterial infection, 
inducing immunostimulation, treatment of sickle cell disease, and the prevention or 
treatment of diseases in which bone resorption is a factor, such as osteoporosis. 

The compoonds of this invention may also be favorably administered with other 

10 agents which inhibftplatdetaggregatioa For instance, die compounds of this invention 
may be administered with compotmds of the class of cyclooxygwiase inhibitors, 
ftromboxane antagonists, thromboxane synthetase inhibitors, hqwdns, fluombin 
inhibitors, ADP receptor inhibitors/antagonists and ticlopidine. Samples of such agents 
are aspirin,warfarin and clopidogreL 

15 The peptide is administered either orally or parenterally to the patient, in a manner 

such diat the concentration of drug in the plasma is sufficient to inhibit platelet 
aggregation, or other such indication. The pharmaceutical composition containing the 
peptide is administoed at a dose between about 0.2 to about 50 mg/kg in a manner 
consistent with the condition of the patient For acute therapy, parenteral administration 

20 is preferred. For persistent states of hyperaggregability, an intravenous infusion of the 
peptide in 5% dextrose in mxer or normal saline is most efifeciive, although an 
intramuscular bolus injection may be suffidenL 

For chronic, but noncritical, states of platelet aggrcgabiHty, oral administration of 
a capsule or tablet, or a bolus intramuscular injection is suitable. The compound is 

25 administered one to four times daily at a level of about 0.4 to about 50 mg/kg to achieve a 
tomillailyclose of about 0.4 to about 200 mg^g/day. 

This invoition further provides a method for inhibiting tb& leocclusion or 
restenosis of an artery or vein foUowmg fibrinolytic therapy, which comprises internal 
administration of a compound of formula ©and a fibrinolytic agent It has been found 

»o that administration of an compound in fibrinolytic therapy dther prevents reocclusion 
completely or prolongs the time to reocclusion. 

When used in the context of this invwition the term fibrinolytic agent is intended 
to mean any compound, whether a natural or synthetic product, which dirccdy or 
indirecfly causes the lysis of a fibrin clot Plasminogen activators are a weU known group 

15 of fibrinolytic agents. Useful plasminogen activators include, for example, anistrcplase, 
urokinase (UK), pro-urokinase (pUK), streptokinase (SK), tissue plasminogen activator 
(ff A) and mutants, or variants, thereof, which retain plasminogen activator activity, such 
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as variants which have been chemically modified or in which one or more amino acids 
have been added, deleted or substituted or in which one or more or functional domains 
have been added, deleted or altered such as by combining the active site of one 
plasminogen activator with the fibrin binding domain of another plasminogen activator or 
5 fibrin binding molecule. Other illustrative variants include tPA molecules in which one 
or more glycosylation sites have been altered. Preferred among plasminogen activators 
are variants of tPA in which the primaiy amino acid sequence has been altered in the 
growth factor domain so as to increase the serum half-life of the plasminogen activator, 
ff A Growth factor variants are disclosed, e.g., by Robinson et aU EP-A 0 297 589 and 

1 0 Browne et oL, EP-A 0 240 334. Other variants include hybrid proteins, such as those 
disclosed in EP 0 028 489, EP 0 155 387 and EP 0 297 882, aU of which arc incoipoiated 
herein by reference. Anistreplase is a preferred hybrid protein for use in this invention. 
Fibrinolytic agents may be isolated from natural sources, but arc commonly produced by 
traditional methods of genetic engineering. 

15 Useful formulations of tPA, SK, UK and pUK are disclosed, for example, in EP-A 

0211 592,EP-A0092 182 and U.S. Patent 4.568,543, all ofwhich arc incorporated 
herein by reference. Typically the fibrinolytic agent may be formulated in an aqueous, 
buffered, isotonic solution, such as sodium or ammonium acetate or adipate buffered at 
pH 3.5 to 5.5. Additional exdpients such as polyvinyl pyrrolidone, gelatin, hydroxy 

20 cellulose, acacia, polyethylene, glycol, mannitol and sodium chloride may also be added. 
Such a composition can be lyophilized. 

The pharmaceutical composition may be formulated with both the compound of 
formula (I) and fibrinolytic in the same container, but formulation in different containers 
is preferred. When both agents are provided in solution form they can be contained in an 

25 infusion/injection system for simultaneous administration or in a tandem arrangement. 

IndicatioflS'fofsucH"tfi©^iiiclu^ myocardial infarction, deep vein thrombosis, 
pulmonary embolism, stroke and other inf arct-rclated disoideis. The compound is 
administered just prior to. at the same time as, or just after parenteral administration of 
tPA or other fibrinolytic agent It may prove desirable to continue treatment with the 

3 0 compound for a period of time well after reperfusion has been established to maximally 
inhibit post-therapy reocclusion. llie effective dose of tPA, SK, UK or pUK may be 
from 0.5 to 5 mg/kg and the effective dose of the peptide may be from about 0. 1 to 25 
mg/kg. 

For convenient administration of the inhibitor and the fibrinolytic agent at the 
35 same or different times, a kit is prepared, comprising, in a single container, such as a box, 
carton or other container, individual bottles, bags, vials or other containers each having an 
effective amount of the inhibitor for parwiteral administration, as described above, and an 
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effective amount of tPA, or other fibrinolytic agent, for parenteral administration, as 
described above. Such kit can comprise, for example, both pharmaceutical agents in 
separate containers or the same container, optionally as lyophilized plugs, and containers 
of solutions for reconstitution. A variation of this is to include the solution for 
5 reconstitution and the lyophilized plug in two chambers of a single container, which can 
be caused to admix prior to use. With such an arrangement, the fibrinolytic and the 
compound may be packaged separately, as in two containers, or lyophilized together as a 
powder and provided in a single container. 

When both agents are provided in solution form, they can be contained in an 
10 infusion/injection system for simultaneous administration or in a tandem arrangement 
For example, the platelet aggregation inhibitor may be in an i.v. injectable f om, or 
infusion bag linked in series, via tubing, to the fibrinolytic agent in a second infusion bag. 
Using such a system, a patient can receive an initial bolus-type injection or infusionj of 
the inhibitor followed by an infusion of the fibrinolytic agent 

The pharmacological activity of the compounds of this invention is assessed by 
their abiUty to inhibit the binding of ^H-SK&F 107260, a known RGD-fibrinogen 
antagonist, to the GPIIbma receptor, their ability to inhibit platelet aggregation, in vitro, 
and their ability to inhibit thrombus formation in vivo, 

inhibition of R0D^meriiatf>4 GPIIb-Tna hindmp 

Inhibition of RGD-mediated GPHb-IIIa binding was demonstrated by assessing 
the abiUty of compounds to inhibit the binding of ^H-SK&F 107260, a known RGD- 
fibrinogen antagonist, to the GPIIbma receptor according to the procedure disclosed in 
WO 93/00095 (PCT/US/92/05463. 

Inhibition of Platelet A^^regarifMi ~~ ^ 

Inhibition of platelet aggregation was demonstrated following the procedure 
disclosed in WO 93/00095 (PCT/US/92/05463). 

The compounds of this invention generally inhibit the aggregation of human 
platelets stimulated with ADP with IC50 of less than 0. 1 uM, The compounds of 
Examples 7. 22, 23 and 26 have IC50 of between 0.2 and 1 1 uM, and the compound of 
Example 4 had an IC50 of about 75 uM. Preferred compounds have IC50 of less than 
0.04 uM. 

To assess the stability of the compounds to plasma proteases, the compounds were 
incubated for 3 h (rather than 3 min) in the PRP prior to addition of the agonist. 

In Vivo Inhibition of Platelat Af;fJmf;^\\r^^ , 
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In vivo inhibition of thrombus formation is demonstrated by recording the 
systemic and hemodynamic effects of infusion of tiie compounds into anesthetized dogs 
according to the metiiods described in Aiken etaL, Prostaglandins, 19, 629 (1980). 
Alternately, inhibition of thrombus formation and bioavailability may be measured by die 
5 method disclosed by Nichols et al., J. Pharmacol Exp. Then, 270, 614 (1994). 

The examples which follow are intended to in no way limit the scope of this 
invention, but are provided to illustrate how to make and use die compounds of this 
invention. Many other embodiments will be readily apparent and available to those 
10 skilled in the art 



EXAMPLES 

In the Examples, all temperatures are in degrees Centigrade. Mass spectra were 
15 performed using fast atom bombardment (FAB) or electro-spray (ES) ionization. Melting 
points were taken on a Thomas-Hoover capillary melting point apparatus and are 
uncorrected. 

NMR were recorded at 250 MHz using a Bruker AM 250 spectrometer, unless 
otherwise indicated. Chemical shifts are reported in ppm (5) downfield from 

20 tetramediylsilane. Multiplicities for NMR spectra are indicated as: s=singlet, d=doublet, 
t=triplet, q=quartet, m=multiplet, dd=doublet of doublets, dt=doublet of triplets etc. and 
br indicates a broad signal. J indicates the NMR coupling constant in Hertz. 

Celite® is filter aid composed of acid washed diatomaceous silica, and is a 
registered trademark of Mansville Corp., Denver, Colorado. Horisil® is an activated 

25 magnesium silicate chromatographic support and is a registered trademark of Floridon 
Co., Pittsburgh, Pennsylvania. Analtech silica gel GF and EM silica gel tiiin layer plates 
were used for thin layer chromatography. Both flash and gravity chromatography were 
carried out on Merck 60 (230-400 mesh) silica geL ODS refers to an octadecylsilyl 
derivatized siUca gel chromatogrs^)hic support ANAV-17A indicates an isocratic eluant 

30 system of flie indicated percentage of acetonitrile in water witii 0.1% TFA. 5n Apex- 
ODS indicates an octadecylsilane derivatized silica gel support, having a nominal particle 
size of 5m., made by Jones Chromatography, Litfleton, Colorado. YMC ODS-AQ® is an 
ODS chromatographic support and is a registered traderaaik of YMC Co. Ltd., Kyoto, 
Japan. PRP-1® is a polymeric (styrene-divinyl benzene) chromatographic support and is 

35 a registered trademark of Hamilton Co., Reno, Nevada. 
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Prenaratinn 1 

Preparation of N-methvl-2-^N-fhftn7■vlnxvca^hnnv1^^pi neridinv^fttha^ ff^in^. 

5 a) N-(tert-butoxycarbonyl)-N-methyl-2-(4-pyri(lyl)ethanarame 

A solution of N-metiiyl-2-(4-pyridyl)eUianamine (10 g, 74 mmol) in 
dichlorometiiane (250 mL) was stirred at (fiC, and treated with di-tert-butyl dicarbonate 
(16 g, 74 mmol) and triethylaraine (10.2 mL, 74 raraol). The mixture was stirred for 24 
h, dUuted with chloroform and washed with 5% sodium bicarbonate. Hie organic phase 
10 was dried and concentrated to give the tide compound. 

b) N-(tert-butoxycarbonyl)-N-methyl-2-(4-piperidinyl)etiianamine 

A solution of tiie compound of Prq)aration 1(a) (4.4 g, 18 mmol) in ethanol (30 
mL) was cooled to 0°C, adjusted to pH 5 with 3N hydrochloric acid (6 mL), treated with 
15 platinum oxide (350 rag) and shaken witii hydrogen for 2 h. The mixture was filtered 
through Cfelite® and die filtrate was treated witii 10% sodium hydroxide (4 mL) and 
concentrated to give die tide compound. 

c) N-(tert-butoxycarbonyl)-N-mediyl-2-[N-(benzyloxycarbonyl)-4- 
20 pq>eridinyl]ed)anamine 

A mixture of the compound of Preparation 1(b) (4.4 g, 18 mmol) and 
triediylamine (2.5 mL, 18 mmol) in dimetiiylformamide (100 mL) was stirred atO'C and 
treated widi N-(benzyloxycarbonyl)succinimide (4.4 g, 18 mmol). The mixture was 
stirred at RT for 15 h, concentrated, and die residue was chromatographed (silica gel, 
25 80% ediylacetate:hexane) to give die tide compound (5.2 g, 77%). 



d)N-mediyl-2-[N-(bMByloxycarbonyl)-4-pipaidinyl]edianamine 

A sohition of die compound of Preparation 1(c) (2.2 g, 5.8 mmol) in 
dichlorometiiane (15 mL) was treated with TFA (5 mL) and stirred for 2.5 h. The 
30 mixture was diluted with chloroform, washed widi 10% sodium hydroxide and die 

organic phase was washed, dried and concentrated. The residue was treated widi toluene 
and concentrated to give die tide compound. 

Preparation 2 

35 

PrepiffaTjQnof4-fN-fhfn7YlQXVcarbonvmaminoiminoinftthv n i-3-flnnin-N.mM^ 
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a) 2-fluoio-4-(methylamino)benzonitrile 

To a solution of 2.fluoro-4-aminobenzonitrile [IruL Chim, Belg., 39, 490-500 
(1974)](3.8 g, 28 mmol) in anhydrous triethyl oithoformate (50 niL) was added 
trifluoioacetic acid (0.16 g. 1.4 mmol). The solution was heated to reflux 45 rain, cooled 
5 and concentrated to give a yellow crystalline solid. To a solution of this solid in absolute 
ethanol (60 raL) at OT was added sodium borohydride (3.2 g, 84 mmol). The resulting 
suspension was stirred at RT for 20 min, heated at reflux for 1 h, cooled and concentrated 
to give a colorless solid. This residue was partitioned between ether and water and tiie 
aqueous layer was extracted with eUier. The organic phases were combined, washed with 
10 brine and dried (sodium sulfate). Concentration gave a white solid which was slurried in 
35% efliyl acetaterhexane (200 mL) and filtered to give the titie compound (3.7 g, 88%). 
mp 110.112T; Ifl NMR (400 MHz, CDCI3) 5 7.35 (m, IH). 6.4 (dd, IH). 6,3 (dd, IH), 
2.9(s.3H). 

15 b) 2-fluoro-4-{metiiylaraino)-[N-(benzyloxycarbonyl)] benzamidine 

To a suspension of ammonium chloride (3.8 g, 72 mmol) in anhydrous toluene 
(40 mL) at O^C was added a solution of trimethylaluminum in toluene (2.0 M, 72 mmol) 
dropwise over 5 min. The solution was stirred at RT for 45 min. The compound of 
Preparation 2(a) (3.6 g, 24 mmol) was added in one portion and die resulting solution was 

20 heated at 80T for 22 h, cooled and poured onto a slurry of silica gel (120 g) and 

chloroform (350 mL). Tliis slurry was stirred for 45 min, filtered and tiie filter cake was 
washed wiUi metiianol (700 mL). The filtrate was concentrated to a yellow solid which 
was dissolved in a mixture of THF and water. To this solution at OT, 5M sodium 
hydroxide (14 mL, 75 mmol) was added, followed by dropwise addition of benzyl 

25 chloroformate (4. 1 g, 24 mmol) over 5 min. The cold solution was stirred for 30 min and 
concentrated. The resulting aqueous suspension was extracted with dichlororaetiiane and 
then witii etiiyl acetate. The organic layers were combined, dried (sodium sulfate) and 
concentrated to give a yellow solid which was purified by chromatography (silica gel, 2% 
methanolrdichloromethane) to give the tifle compound as a white powder (2.6 g, 34%). 

30 mp 128-30T. iH NMR (400 MHz, €1X33) 5 8.2 (t, IH). 7.5-7.25 (m, 5H), 6.4 (dd, 
IH), 6.25 (dd, IH), 5.2 (s, 2H), 4.6 (b, IH), 2.8 (d. 3H). 

Prepawt^op 3 

35 Preparation of N2^(tert-butoxvcari)QnvlV7-flmino-L2.3.4-tetrah vdroisQquinQline 
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a) 7-nitro-l^,3,4-tettahydro-isoquino]ine. 

To a mixture of 7-nitro-l,2A4-tetrahydroisoquinolinone (1.50 g, 7.8 mmol) in THF 
(15 mL) was added 2M borane methylsulfide in THF (9.0 mL. 18 mraol) dropwise. After 
addition was complete, the clear solution was heated to reflux for 4 h. Hie solution was 
5 cooled to RT, and dry hydrogen chloride was bubbled into the solution to pH 2. The 
solution was heated to reflux for 1.5 h, cooled to 0°C and diluted with ether. The 
resulting white soUd was filtered and dried in vacuo to yield the title compound (1.62 g, 
76%). MS(ES) m/e 179 [M+H]+. 

10 b) N2.(t.butoxycarbonyl)-7-nitn)-l A3.4-tetrahydro-isoquinoline 

A solulion of the compound of Preparation 3(a) (1.0 g, 5.6 mmol). di-iert-butyl 
dicarbonate (1.8 g, 8.4 mmol) and 4.(dimethyIamino)pyridine (342 mg. 2.8 mmol) in 
dichloromethane (50 mL) was adjusted to pH 8.0 by the addition of triethylamine. After 
4 h, the resulting solution was concentrated and flie residue was taken up into etfiyl 

15 acetate. ITie solution was extracted with 5% citric acid, brine, and dried (magnesium 
sulfete). TTie organic phase wais diluted witii hexane, fdtercd and the filtrate was dried in 
vacuo to give the title compound (1.41 g, 93%). MS(ES) m/e 279 [M+H]+ 

c)N2-(tert-butoxycarbonyl)-7-amino-l,23,4-tetrahydK)-isoquinoline 
20 A mixture of the compound of Preparation 3(b) (1.41 g. 5.1 mmol) and Pd/BaS04 

(100 mg)in medianol (25 mL) was shaken with hydrogen (45 psi) for 1.5 h. The mixture 
was filtered and the filtrate concentrated to yield the tifle compound (1.23 g,90% overaU) 
MS(ES)m/e249[M+H]+ 



Prenaratinn 4. 

Preparation of N-(terf-hnrnxvcariv>nvl\.7.^ 4.nipftririinY^) fthi,n„n,p, 

Using the procedure of Preparation l(a).(b), except substituting 2-(4- 
pyridyl)etijanarameforN-methyl.2-(4.pyridyl)ethanamine gave die titie compound 

30 . 

Preparation 5 

Preparation of ^on^ 

35 a) [5-(methanesulfonyloxy)pentyl)]benzene 

Metiianesulfonyl chloride (4.3 mL, 55 mmol) was added dropwise over 2 mir 
solution of 5-phenylpentanol (8.4 mL, 50 mmol) and dry triethylamine (14 mL. 100 
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mmol) in anhydrous dicWoromethane (100 mL) at O'C under argon. After 45 min, the 
reacUon was dUuted with ether and washed sequentiaUy with cold. IN hydrochloric acid, 
water, and brine. The organic phase was dried (MgS04) and concentrated to give the tide 
compound (12.09 g, 100%) as a pale yeUow oU, which was used without further 
purification. iR NMR (250. CDCI3) 5 7.10-7.35 (m. 5H), 4.22 (t, J=6.5 Hz, 2H). 2.98 (s, 
3H), 2.63 (t, J=7.6 Hz. 2H). 1.37-1.85 (ra, 6H). 

b) (5-iodopentyl)ben2ene 

A solution of tiie compound of Preparation 5(a) (12.09 g, 50 mmol) and sodium 
iodide (8.99 g, 60 mmol) in acetone (250 mL) was heated at reflux. After 3 h. the 
reaction was cooled and filtered through a ghiss frit, and the filtrate was concentrated. 
The residue was dissolved in ether and washed with IN sodium thiosulfate. The organic 
phase was dried (MgS04), concentrated, and chroraatographed (silica gel, hexane) to give 
the tide compound (1 1.5 g, 84%) as a colorless oil. NMR (250, CDCI3) 5 7.05-7.40 
(m, 5H), 3.18 (t, J=7.0 Hz. 2H), 2.62 (t. J=7.6 Hz, 2H). 1.79-1.93 (m, 2H), 1.37-1.72 (m, 
4H); IR (CCI4) 3020. 2930. 2850. 1495. 1451. 1200 cm-i; MS (DClMIj) m/e 292.1 
[M+NH4J+. 

Prenanitinn d 

PreP{ffati0n0fN-rnethvl-3-rN-rtert.hntnxvrarhnnvl^ineririin.4- Y lllnropanaiiii^ 

The compound of Preparation 6(a) (2.0 g, 8.3 mmol) was dissolved in 
dicWoromethane (25 mL), treated witij triethylamine (0.86 g, 8.6 mmol) and stirred at 
OT. The resulting mixture was ti«ated with triflic anhydride (2.5 g, 8.9 mmol), stirred 
for 30 min at 0°C and slowly added to a solution of methylamine in dichlorometiiane at 
0°e.-The mixture-wasstinaWdlUowal to warm to RT for 1 h. The mixture was 
concentrated and the residue was flash chromatogrsq)hed (silica gd, 5-20% 
methanolxhloroform) to give the title compound (2.8 g). MS(ES) m/e 257 (M+H]+ 

Prenanitinn? 

Preparation of fR.S)-r7-rr4-r aminoiminnmftth v nphenvnaiTitnolcarhonvn-4-r?.- 
PhgPYlethYlVI ■3.4.5-tetrahvdrn-3-nxn-2H-l 4-»vnTn^ l ia7£ninft-2.a«>f.>. ariri 

a) t-bu^l 3-metfayl-4-nitro-benzoate 

Benzenesulfonyl chloride (12,8 mL, 100 mmol) was added rapidly to a solution of 
3-mefliyl-4-nitrobenzoic acid (9.06 g, 50 mmol) in dry pyridme (25 mL) at 40»C. The 
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reaction was mUdly exothermic. The cloudy, orange solution was stirred for 5 min, then 
t-butanol (4.7 mL, 50 mmol, 1 eq.) was added. After 1 h, the reddish-oi^nge mixture was 
poured into ice/water (200 mL), and ti»e resulting mixture was stirred briskly for 1 h. The 
solid was collected by suction filtration, washed witii H2O, and dissolved in toluene (200 
5 mL). The solution was dried (MgS04) and filtered tiirough a pad of silica gel eluting 
witii toluene. Concentration gave tiie titie compound as a yellow oil which crystallized 
under vacuum (9.67 g, 82%). 

b) t-butyl 4-nitro-3-[N-(2-phenyletiiyl)aminomefliyl]benzoale 

10 A mixture of the compound of Preparation 7(a) (4.75 g, 20 mmol), N- 

bromosucdnimide (3.92 g, 22 mmol), and benzoyl peroxide (0.24 g, 1 mmol) in CCI4 (50 
mL) was heated at reflux. After 16 h, the mixture was filtered to remove tiie succinimide, 
and the filtrate was concentrated to a yeUow oil. The benzyl bromide was used witiiout 
purification. The crude benzyl bromide obtained above was dissolved in dry THF (50 

15 mL), and soUd NaHCOs (2.52 g, 30 mmol) was added. The mixture was stirred briskly, 
and phenethylamine (3.8 mL, 30 mmol) was added. The color of ttie solution darkened 
slightiy to a deeper yeUow. Within several min, tiie mixture had become very cloudy. 
After 4 h, tiie reaction was concentiated and tiie residue was partitioned between H2O (50 
mL) and Et20 (100 mL). Separation of tiie phases, exttaction witii EqO, drying 

20 (MgS04), and concentration gave a yellow oil. Chromatography (silica gel, 20% 
EtOAc/hexane) gave tiie titie compound (2.86 g, 40%) as a yellow oil. 

c) t-butyl 4-nitro-3-[N-(t-butyloxycarbonyl)-N-(2-phenyl-etiiyl)aminomefliyl]benzoate 

Di-t-butyl dicarbonate (2.10 g, 9.62 mmol) was added all at once to a solution of 
25 die compound of Preparation 7(b) (2.86 g, 8.02 mmol) in CHCI3 (30 mL) at room 

temperaturerTlie reaction^wasstirrcd at room temperature for 2.5 h, tiien at reflux for 0.5 
h. Concentration and chromatography (silica gel, 15% EtOAc/hcxane) gave tiie titie 
compound (3.70 g,) as a yellow oil. 

3 0 d) t-butyl 4-amino-3-IN-(t-butyloxycari)onyl>N-(2-phenyl-etiiyl)aminometiiyr|benzoate 
A mixture of tiie compound of Preparation 7(c) (2.66 g. 5.83 mmol), 10% Pd/C 
(0.62 g, 0.58 mmol Pd), and EtOAc (60 mL) was shaken under H2 (50 psi). After 3 h, 
tiie mixture was filtered to remove tiie catalyst, and tiie filtrate was concentrated to 
dryness. Chromatography (silica gel, 20% EtOAc/hexane) gave Uie titie compound as a 

35 yellow foamy oil which slowly partiaDy solidified (2.26 g, 91%). 
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e) l-butyl (R,S)-4-[2.(l^dimethoxy-l,4-dioxo-2-butyl)-animo]-3-[N-(t- 
butyloxycarbonyl)-N-(2-phenylethyl)-arainomethyl].benzoate 

A mixture of the compound of Preparation 7(d) (1.98 g. 4.64 mmol), dimethyl- 
acetylene dicarboxylate (1.14 mL. 9.28 mmol), and MeOH (9.3 mL) was heated to reflux 
5 under argon. A homogeneous solution resulted. After 1 h, the solution was concentrated 
to a yeUow oil. Chromatography (silica gel, 1:1 EtOAc:hexane) gave a yellow oil. This 
was used without further purification. TLC Rf 0.61 (major product). Rf 0.41 (minor 
product) (30% EtOAc/hexane). 

The yellow oil obtained above was dissolved in EtOAc (93 mL), and 10% Pd/C 
10 (1.48 g, L39 mmol Pd, 0.3 eq.) was added. The mixture was shaken at RT under H2 (45 
psi) for 5 h, then was filtered to remove the catalyst. Concentration of the filtrate gave a 
colorless oil which was chromatographed (silica gel, 20% EtOAc^exane) to afford the 
title compound as a colorless oil (2.49 g. 94%). 



15 f) methyl (R,S)-7-carboxy-4-(2.phenylethyl).l,3A5-tetrahydro-3-oxo-2H-l,4- 
baizodia2epine-2-acetic acid 

TFA (9 mL) was added all at once to a solution of the compound of Preparation 
7(e)(2.11g,3.70mmol)indryCH2Cl2(9mL)at0Tunderargon. The resulting light 
yellow solution was warmed to room temperature, stirred for 2 h, and concentrated. The 

20 residue was dissolved and reconcratrated from toluene to remove residual TFA. The 
resultant light yellow oil was dissolved in anhydrous MeOH (18.5 mL), and the solution 
■ was cooled to 0°C under argon. Freshly prepared NaOMe/MeOH (l.OM; 18.5 mL, 18.5 
mmol) was added dropwise over 5 min. The ice bath was removed, the yellow solution 
was allowed to warm to room temperature over 10 min, and was heated to reflux under 

25 argon. After 1.5 h, die reaction was cooled in ice and quenched witii glacial acetic acid 
(2:llnLr37 mmol)7Themixture was concentrated and die residue was partitioned ^ 
between EtOAc (50 mL) and H2O (50 mL). The layers were separated and tiie aqueous 
layer was extracted exhaustively wifli EtOAc (in 50 mL portions) until aU solids had 
dissolved. The combined organic layers were dried (MgS04) and concentrated until 

30 crystallization was initiated. The resulting mixmre was cooled thoroughly in ice. Suction 
filtration afforded die tiUe compound as colorless crystals (1.0 g, 71%). The mother 
liquors were concentrated and die residue was chromatographed (silica gel, 10% 
MeOH/CHCl3-trace acetic acid) to afford additional crude material. Recrystallization 
from EtOAc containing a litfle MeOH yielded an additional amount of tiie pure tide 

3 5 compound (1.23 g, 87%, total isolated yield). 
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g) methyl (R,S)-[7-[[4-[N-(benzyloxycarbonyl)amino-iminoraethyl)]phenyl]ara 
carbonyl]-13,4,5-tetrahydiX)-3-oxo-4-(2-phenylethyl>2H-l^te^ 

The compound of Preparation 7(f) (95.6 mg, 0.25 mmol) was refluxed with 
S0CI2 (2.5 mL) for 15 rain, and the yellow solution was concentrated to dryness. The 
5 yellow oily solid was dissolved in dry CH2CI2 (2.5 mL), and 4-[N- 

(ben2yIoxycarbonyl)aminoimino-raethyl]aniline (134.7 mg, 0.5 mmol) was added. The 
mixture was cooled in ice/H20 under argon, and anhydrous pyridine (0.061 mL, 0.75 
mmol) was added dropwise. The resulting orangish-yellow mixture was wanned to room 
temperature. After 1.5 h, the reaction was quenched with 5% NaHC03 (5 mL) and 
10 extracted thoroughly with EtOAc. Drying (Na2S04), concentration, chromatography 
(silica gd. 3:2 EtOAc:CHa3-0.5% MeOH), and preparative TLC of mixed ftactions 
from the chromatogmphy (same solvent system) gave the title compound as a pale yellow 
oil (110.2 rag, 70%), 

15 h)(R,S)-[7-[[4-(aminoiminomethyl)phenyl]araino]carbonyl]-4-(2-phenylethyl).l.^ 
tetrahydro-3-oxo-2H- 1 ,4-benzodiazepine-2-acetic acid 

A solution of the compound of Preparation 7(g) (87.0 mg, 0.1373 mmol) in 1 :1 
EtOAc:MeOH (4.6 mL) containing 10% Pd/C (29.2 mg, 0.0275 mmol) and TFA (0.01 1 
mL, 0.137 ramol) was stirred briskly under H2. After 1 fa, the mixture was filtered to 

2 0 remove the catalyst, and the filter pad was washed thoroughly with EtOAc and 

EtOAc/MeOH. Concentration of the solution provided a yellow, oily solid (83.0 mg). 
This was dissolved m MeOH (4.6 mL), and l.ON NaOH (0.41 mL, 0.41 mmol) was 
added. The light yellow solution was stirred at room temperature overnight, cooled to 
0°C, and acidified with TFA (0.106 mL, 1.373 ramol). The solution was concentrated to 
25 dryness to provide an orangish-yellow oil. This material was purified by preparative 
HPL"C"(PRP-1®. gradient, A:5% CH3CN/H2O-0.1% TFA) for 5 rain, increased to 
B:23% CH3CN/H2O-0.1% TFA, A for 5 min, A to B during 24 rain). The fractions 
containing the pure product were combined and concentrated until precipitation occured. 
Tlie solid was dissolved by addition of a minimum of CH3CN, and the solution was 

3 0 lyophillized to give tiie tide compound as a faintiy yeUow powder (50%). 

Preparation of n?.SV7-rfr4-ramin mminomethvnphenvlVm6thvlamino1caThQnvl1-2^^ 
35 letrahvdro-3-oxo-2-f2>phen vl ethvl V 1 H-2-hftnzazeDine-4-acetic aHri 
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a) t-butyl 3-bromo-4-methyll)aizoate 

Dimethylfonnainide dimethyl acetal (48 mL, 200 mmol) was added dropwise 
ovM- 15 min to a suspoision of 3-bn)iiio-4-methylbenzoic acid (85%; 10.75 g, 42.5 
imnol) in toluene (100 mL) at 70*C. The reaction was stined at 70-80'C for an 
5 additional 0.5 h, then was cooled, washed sequentially with water and 5% sodium 
bicarbonate, and dried (sodium sulfate). The mixture was filtered through a pad of siUca 
gel, and the filter pad was washed with toluene. The filtrate was concentrated to afford 
the title compound (8.0 g, 69%) as a yeUow oU. TLC (toluene) Rf 0.68. 

10 b) t-butyl 3-bromo-4-(bn)momethyl)benzoate 

A mixture of the compound of Preparation 8(a) (1.36 g, 5 mmol), N- 
bromosucdnimide (0.98 g, 5.5 mmol), and benzoyl pwoxide (61 mg, 0.25 mmolj in 
carbon tetrachloride (25 mL) was heated at reflux. After 4 h, the mixture was cooled and 
filtered, and the filtrate was concentrated. The resulting mataial was used without 

15 purification. TLC Rf 0.39 (5:95 ethyl acetaterhexane). 

c) t-butyl 3-bromo-4-[((2-phenylethyl)araino]methyl]-benzoate 

The compound of Preparation 8(b) was dissolved in dry ether (25 mL), and 
phenethylamine (1.9 mL, 15 mmol) was added. The addition was sUghtly exotheimic, 
20 and the reaction became cloudy. The reaction was stined at RT overnight, then was 
dOuted with ether (75 mL) and was washed sequajtially with 5% sodium Wcaibonate and 
brine (25 mL). Drying (MgS04), concentration, and silica gel chromatography 03% 
ethyl acetate/hexane) gave the tide compound (1.26 g, 65%) as a pale yeUow oil. TLC Rf 
0.42 (30:70 ethyl acetate;hexane). 

25 

d) t-butyl 3^broino^[[[N-12^heny^^ 
Di-t-butyl dicarbonate (845 mg. 3.88 mmol) was added aU at once to a solution of 

the compound of Preparation 8(c) (1.26 g, 3.23 mmol) in chloroform (16 mL) at RT. The 
reaction was stimsd at RT for 1.5 h, then at reflux for 0.5 h. Concentration and 
chromatography (silica gel, 10% ethyl acetate/hexane) gave the title compound (1J7 g, 
99%) as a colorless oil which solidified in wkuo. TLC Rf 0.49 (10:90 ethyl 
acetate:hexane). 



e) methyl 3-methoxycarbonyl-4-[[5-(t-butoxycarbonyl)-2-[[N-(2-phenylethyl)-N-t- 
35 (batoxycarbonyl)]amino]methyI]-phenyl]-2-butenoate 
and 
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methyl3-methoxycarbonyl-44[5-(t-butoxycarbonyl)-2-[[N-{2-phenylethyl)-^^^ 
bumycarbonyl)]amino]methyl]phenyl]-3-butenoate. 

A mixture of the compound of Preparatibn 8(d) (1.34 g, 2.73 mraol), dimethyl 
itaconate (648 mg, 4.10 mmol), palladium (II) acetate (30.7 mg, 0.14 mmol), tri-o- 
5 tolylphosphine (83.2 mg, 0.27 mmol), dry triethylamine (0.76 mL, 5.46 mmol), and diy 
. acetonitrile (27 mL) was deoxygenated through a single evacuation/argon purge cycle, 
then was heated at reflux under argon. After 6 h, the reaction was cooled, and more 
palladium (II) acetate (30.7 rag, 0.14 mraol) and tri-o-tolylphosphine (83.2 mg, 0.27 
mmol) were added. The mixture was deoxygenated through three evacuation/argon purge 

10 cycles, then was heated at reflux under argon overnight (16,5 h). The reaction was 
concentrated, and the residue was dissolved in ether and washed with water and brine. 
Drying (MgS04), concentration, and chromatography (silica gel, 15% ethyl 
acetate/hexane; then 40% ethyl acetatefliexane) gave the crude title compound as a yellow 
oil. The residue was rechromatographed (silica gel, 25% ethyl acetate/hexane)to yield the 

15 tifle compound (1.36 g, 88%) as a light yellow oil. Tliis material was used without 
separation of the isomeric reaction products. 

f) methyl 3-methoxycarbonyl-4-[5-(t-butoxycarbonyl)-2-[I[N-.(2-phenylethyl)-N-t- 
butoxycarbonyl]amino]methyl]-phenyl]butanoate 

20 Hie compound of Preparation 8(e) (1.18 g, 2.08 mmol) was dissolved in 

anhydrous methanol (21 mL), and palladium (II) hydroxide on carbon (0.21 g) was 
added. The resulting mixture was shaken at RT under H2 (47 psi) for 2 h, then was 
filtered through Celite®. The filtrate was concentrated and resubmitted to the same 
reaction conditions. After another 5.5 h, the mixture was filtered as before, and the 

25 filtrate was concentrated to afford the tiUe compound (1,13 g, 95%) as a colorless oil. 



g) methyl (R.S)-7-carboxy-2,3.4,5-tetrahydro-3-oxo-2-(2.phenylethyl)-lH.2- 

benzazepine-4-acetate 

TP A (1 1 mL) was added all at once to a cloudy solution of the compound of 
30 Preparation 8(f) (L30 g, 2.28 mmol) in dry CH2CI2 (1 1 mL) at OX under argon. The 

resulting Ught yellow solution was wanned to RT. stirred for 2 h, and concentrated. The 

residue was concentrated once from 1,2-dichloroethane to remove residual TFA and give 

methyl 3-raethoxycarbonyI-4-[5-carboxy-2-[[N-(2- 

phenylethyl)amino]methyl]phenyl]butanoate as a pale green oil. 
35 The oil was dissolved in anhydrous methanol (1 1 mL), and the solution was 

cooled to 0°C under argon. Freshly prepared 1.0 M sodium methoxide/methanol (1 1 mL, 

1 1 mmol) was added and the ice bath was removed. The yellow solution wias allowed to 
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waim to RT over 5 min and heated to reflux undo- argon. After 3 h, the reaction was 
cooled in ice and quenched with glacial acetic add (1.3 mL, 22,8 mmol). The reaction 
was diluted with ethyl acetate (100 mL) and washed with water. The combined aqueous 
layers were back-extracted with ethyl acetate, and the coihbined ethyl acetate layere were 
washed with brine, dried (MgS04), and concentrated to a pale green residue. 
Chromatogr^hy ((silica gel, 10% methanol/chlorofonn/0.1% acetic acid) gave the tiUe 
compound as a yellow foam. Crystallization from methanol containing a litUe 
chloroform gave the title compound (528.2 mg, 61%) as an off-white soUd. rap 214- 
216«C; TLC Rf 0.49 (10:90 methanolrchlorofonn). 

h) methyl (R,S)-7-[[[4-[N-(benzyloqrcarbonyl)-aminoiminomethyl]phenyl]methylamino] 
carbonyl]-2,3,4,5-tetrahydro-3-oxo-2-(2-phenylethyl)-IH-2-baizazepine-4-acetate 

The compound of Preparation 8(g) (117.9 mg, 0.31 mmol) was refluxed wifli 
thionyl chloride (3 mL) for 15 min and the yellow solution was concentrated. The 
residue was concentrated from dry toluene (3 mL) to remove residual ihionyl chloride, 
and flie resulting material was dissolved in diy CH2CI2 (0.5 mL). This solution was 
added dropwise over 1-2 min to a sohition of 4-(methylamino)-(N- 
benzyloxycarbonyl)ben2amidine (263 mg, 0.93 mmol) and anhydrous pyiidine (0.125 
mL, 1.55 mmol) in dry CH2CI2 (10 mL) at OPC under argon. The resulting yeUow 
mixture was warmed to RT and stirred for 0.5 h, dUuted with ethyl acetate, and washed 
with 5% sodium bicarbonate. Drying (sodium sulfate), concentration, and 
chromatography (silica gel, 10% etiiyl acetate/toluene) gave the tide compound (174.8 
mg, 87%) as a faintiy yellow oil, TLC Rf 0.45 (9:1 toluene:etiiyl acetate). 

i) methyl (R,S)-7-I[[4-(aminoiniinometiiyl)phenyl]methylamino]carbonyl]-2,3,4,5- 
tetrahydro=*oxo=2=(2=phenylefliyl):rff2;ij«imepine;^ 

10% Palladium on carbon (58 mg, 0.054 mmol) was added carefully to a solution 
of the compound of Preparation 8(h) (174.8 mg, 0.27 mmol) and TFA (0.021 mL, 0.27 
mmol) in ethyl acetate/methanol (1:1, 9 mL), and the mixture was stirred briskly under 
hydrogen (baUoon pressure). After 1.5 h, the mixture was filtered through CeUte®, and 
the filter pad was washed tiioroughly witii ethyl acetate and methanol Concentration 
gave tiie tide compound. 

j)(R,S)-7-[[[4-(aminoiminomethyl)phenyl]metiiylamino]carbonyl]-2,3,4>tetrahydro-3- 
oxo-2-(2-phenyletiiyl)-lH-2-b«iza2^ine-4-aceticacid 

The compound of Preparation 8(i) was dissolved in methanol (9 mL), and 1.0 N 
sodium hydroxide (0.81 mL, 0.81 mmol) was added. The solution was stirred at RT 



wo 95/18619 



PCT/US9S/0b248 



-27- 

ovcmight, then was concenirated. TTic residue was dissolved in watei/acetonitrile (3 
mL), cooled to OT, and acidified with TFA (0.21 mL. 2.7 mmol). The fainUy yellow 
solution was concentrated and the residue was purified by reversed-phase flash 
chromatography (C-1 8 silica gel, 25% AN/W-TFA). Concentration and lyophilization 
5 gave the tide compound (123 mg, 67%) as a colorless powder. 

The following Examples illustrate the manner of making the pharmacologically active 
compounds and compositions of this invention. 

10 Example 1 

Preparation of ai.SV23,4.5-tetrahvdro-4-methvl-3-ox(v«-rrr2-r4-piperidi^ 
methvlaminolcarbonvll-lH-1.4-ben7ndiazepine^2.acftticarid 

15 a) methyl (R,S)-8-[[[2-[N-(benzyloxycarbonyl)-4.piperidinyl]ethyl]methylamino] 
carbonyl]-2,3,4,5-tetrahydro-4-methyl-3-oxo-lH-l,4-benzodiazepme-2-acetate 

Methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-4-methyl-3-oxo-lH-l,4- 
benzodiazepine-2-acetate (2.0 mmol) dissolved in DMF (30 mL) was treated with EDC 
(2.2 mmol), 1-HOBT (285 mg, 2.1 mmol) and adjusted to pH 7 with triethylamine. Hie 

20 mixture was treated with N-methyl-2-[N-(benzyloxycarbonyl)-4-piperidinyl]ethanamine 
(2.4 mmol) , stirred at RT for 48 h, concentrated and the residue was purified by flash 
chromatography to yield the titte compound. iR NMR (DMS0-d6) 6 6.5-7.5 (m, 7H), 
2.6-4.1 (m, 24H), 0.9-1.8 (m, 7H); MS(ES) m/e 551 [M+H]+ [M+HC03-]- 595. 

25 b) methyl (R,S)-2,3,4,5-tetrahydro-4-methyl-3-oxo-8-[[[2-(4-piperidinyl)ethyl] 

mett^la!mno]caH)oi^ 

A solution of the compound of Example 1(a) (0.06 mmol) in methanol (25 mL) 

containing l.OM hydrogen chloride in ether (0.6 mL) was treated with 10% palladium 

hydroxide and the mixture was shaken in a hydrogen atmosphere (40 psi) for 1 h. Hie 
3 0 mixture was filtered and concentrated to yield the title compound. MS(ES) m/e 417 

[M+H]+. 

c)(R,S)-2,3,4,5-tetrahydro-4-methyl-3-oxo-8-[[[2-(4-piperidinyl)ethyl]methylamm^^ 
carbonyl]-lH-l,4-benzodiazepine-2-acetic acid 
35 The compound of Example 1(b) (0.26 mmol) was dissolved in methanol (9 mL), 

and 1.0 N sodium hydroxide (0.81 mL, 0.81 mmol) was added. The solution was stirred 
at RT overnight, and concentrated. The residue was dissolved in water/acetonitrile (3 
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inL), cooled to O'C, and acidified with TFA (0.21 mL. 2.7 mmol). TTie solution was 
concentrated and the residue was purified by rcversed-phase flash chromatography (C-18 
silica gel, AN/W-TFA). Concentration and lyophilization gave the title compound. 
MS(ES) ra/e 403 [M+H]+; iH NMR (DMSCM16) 5 8. 1-8.6 (m, 2H). 6.4-7.0 (m. 3H), 5.9- 
6.0 (m, IH). 5.4-5.5 (d, IH), 5.0-5.1 (m, IH), 3.8-3.9 (d, IH), 1.0-3.5 (m. 22H); Anal. 
(C24H35.25N4O8.875) calcd: C. 48.91; H. 5.71; N. 9.51. found: C, 49.19; H, 5.64; N, 
9.42. 

Preparation of rR.S)-2.3.4.5-tetrahvdro-4-i.^npejitvl- ^oxo.8-rrr2-r4. 
Dil»tidinvnethYl1methvlaminolcariinnvl1.m . l.4-hen7Jidiayi'nin6.2-acfttic 

a) methyl (R,S)-8-carboxy-23,4,5-tetrahydro-4-isopentyl-3-oxo-lH-l,4-benzodiazepine- 
2-acetate 

Anhydrous isopenlylaminewas bubbled into anhydrous DMF (200 mL) at 0°C for 
15 min. A solution of t-butyl 4-bromomethyl-3-nitrobenzoate (5.0 g, 15.8 mmol) (/«t J. 
Peptide. Res., 36. 31 (1990)) in DMF (10 mL) was added dropwise to the cold amine 
solution. The solution was stirred at 0° for 30 min and poured into water. The mixture 
was ractracted with ethyl acetate and the combined organic layers wmc washed with 
water, dried (sodium sulfate) and concentrated to give a ydlow-brown oil. The oil was 
purified by chromatography over silica gel to yield t-butyl 4-(isopentylamino)methyl-3- 
nitrobenzoate. 

A solution of the t-butyl 4-(isopentylamino)methyl-3-nitrobenzoate (5.3 mmol), 
triethylamine (2.1 g, 21 mmol) and di-t-butyl dicarbonate (3.44 g, 15.8 mmol) in THF (50 
InL) was stirred'24 h. The mixture was concentrated and the residue dissolved m ethyl 
acetate (200 mL). Hie solution was extracted with water, dried (sodium sulfate) and 
concentrated to give a yellow oil which was purified by chromatography over silica gel to 
yield t-buQrl 4-[N-(t-butoxycarbonyl)-N-(isopaityl)amino^neth^]-3-nitrobenzoate. 

A solution of t-butyl 4-[N-j:t-butoxycarbonyl)-N-(isopentyl)amino-methyl]-3- 
nitrobenzoate (2.27 mmol) in ethanol (100 mL) containing 10% palladium on carbon (0.5 
g) was hydrogenated (40 psi). After 30 min, the mixture was filtered and concentrated to 
give t-butyl 3-amino-4-[N-(t-butoxycarbonyl)-N-(isopentyl)-aminomethyl]benzoate. 

Dimethyl acetylenedicarboxylate (0.34 g, 2.4 mmol) was added to a solution of t- 
bulyl 3-amino-4-(N-(t-butoxycarbonyl)-N-(isopentyl)-aminomethyl]benzoate (2.7 mmol) 
in methanol (50 mL). The solution was heated to reflux for 1 h, treated with dimethyl 
acetylenedicariwxylate (0.17 g, L2 mmol) and heated at reflux for an additional 1 h. The 
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mixture was cooled, filtered, concentrated and the residual yellow oil was 
chromatographed over ilica gel to give t-butyl (E,Z)-4-[N-(t-butoxycarbonyl)-N- 
(isopentyl)-aminoniethyl]-3-[2-(l,4-dimethoxy-l,4-dioxo-2-bute^^^ 

A solution of t-butyl (E,Z)4-[N-(t-butoxycarbonyl)-N-(raethyl)-aminoraethyl]-^ 
5 [2-(l,4-dimethoxy-l,4-dioxo-2-butenyl)amino]-benzoate in methanol (50 raL) containing 
10% Pd/carbon (0.5 g) was hydrogenated (45 psi) at RT. After 4 h, the suspension was 
filtered and concentrated to give a pale yellow oil. The residue was purified by 
chromatography over silica gel to yield t-butyl 4-[N-(t-butoxycarbonyl)-N- 
(isopentyl)amino-methyl]-3-[2-(l,4-diraethoxy-l,4.dioxo-2-butyl)amino]benM^^ 
10 TFA (50 mL) was added to a solution of t-butyl 4-[N-(t-butoxycarbonyl)-N- 

(isopentyl)amino-methyl]-3-[2.(l,4-dimethoxy-l,4-dioxo-2-ta^ (0.3 
nmiol) in CH2CI2 (10 raL). The mixture was stirred for 4 h and concentrated to yield ^ 

[N-(isopentyl)aminomethyl]-3-[N-[2-(lAdimethoxy.l,4-dioxo-2-buty^^^ 
(methyl)amino]-benzoic acid. 

15 The benzoic acid was dissolved in methanol (20 mL) and treated with 25% 

sodium raethoxide in methanol (0.2 mL, 0.87 mmol). The mixture was heated to 50*'C 
for 2 h, cooled and treated with IM hydrogen chloride in ether (2 mL). The mixture was 
concentrated to give the title compound 

20 b) methyl (R,S)-23 A5-tetrahydro-4-isopentyl-3-oxo.8-[[[2-(4-pyridyl)e%^^ 
methylamino]carbonyl]-lH-l,4-benzodiazepine-2-acetate 

The compound of Example 2(a) (2.0 mmol) dissolved in DMF (30 mL) was 
treated with EDC (2.2 mmol) and 1 -HOBT (285 mg, 2. 1 mmol). The mixture was treated 
with N-methyl-2-(4-pyridyl)ethanamine (2.4 mmol), stirred at RT for 48 h, concentrated 

25 and the residue was purified by flash chromatography to yield the titie compound. 



c) methyl (R,S)-23,4>tetrahydro-4-isopentyl-3-oxo-8-[I[2.(4-piperidinyl)e%^^ 
methylaniino]carbonyl]-lH-l,4-benzodia2epine-2-acetate 

A solution of the compound of Example 2(b) (0.2 mmol) and a6N hydrochloric 
30 acid (0.6 mL) in methanol (30 mL) was treated with platinum oxide (5 mg) and 

hydrogenated (45 psi) overnight The mixture was filtered and concentrated to give the 
tifle compound. MSQSS) m/e 473 [M+H]+ 

d) (R,S).2,3A5-tetrahydro-4-isopentyl-3-oxo-8-[[[2.(4-piperidinyl)ett^^^ 
35 carbonyl]-lH-l,4-benzodiazepine-2-acetic acid 

The compound of Example 2(c) (0.27 mmol) was dissolved in methanol (9 mL), 
and 1.0 N sodium hydroxide (0.81 mL, 0.81 mmol) was added. Hie solution was stiircd 
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at RT overnight, then was concentrated. The residue was dissolved in water/acetonitrile 
(3 mL), cooled to 0°C, and acidified with TFA (0.21 mL, 2.7 mmol). The solution was 
concentrated and the residue was purified by reversed-phase flash chromatography to 
yield the tifle compound. MS(ES) ra/e 459 [M+H]+ 

5 

pxampleg 

Preparation of flR>SV84rr4-raminoiminome thvn-3-fluQrophenvl1methvlaminQlcarhonvl% 
2,3 A5-tetrahvdro-3-oxo-4-f2-nhenvlethvlVlH-L4-he nzodiazepine.2>aty^^^ adH 

10 

a) methyl (R,S)-8-[[[4-[N-(benzyloxycarbonyl)aminoiraino-methyl]-3- 
fluorophenyl]methylamino]carbonyl]-2,3A5-tetra-hydro-3-oxo-4-(2-phenyl^^ 
1 ,4-benzodiazepine-2-acetate 

Using the procedure of Preparation 8(h), except substituting methyl (R,S)-8- 
15 carboxy-23^5-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodia2epine-2-acetatefo 
the compound of Preparation 8(g), and substituting 2-fluoro-4-(methylamino)-[N- 
(benzyloxycarbonyl)] benzamidine for 4-(raethylamino)-(N-benzyloxycarbonyl)- 
benzamidine, gave the title compound. NMR (400 MHz, CDCI3) 8 8.15 (t, IH), 7.4 
(d. 2H), 7.4-7.15 (ra. 8H), 7.1 (d, 2H), 6.9 (dd, IH), 6.75 (dd, IH), 6.65 (s, IH), 6.6 (d, 
20 IH), 6.4 (d, IH), 5.25 (d, IH), 5.15 (s, 2H), 4.9 (q. IH). 4.25 (d, IH), 3.7 (s, 3H), 3.65 (m, 
2H), 3.55 (d, IH), 3.45 (s, 3H), 2.95 (dd, IH), 2.7 (m, 2H). 2.6 (dd, IH). 

b) (R,S)-8-[[[4-(aminoirainomethyI)-3-fluorophenyl]methyl-araino]carbonyl]-2,3.4,5- 
tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-aceticacid 

25 A solution of the compound of Example 3(a) (0.06 mmol) in methanol (25 mL) 

containing l.OM hydrogen chloride in ether (0.6 mL) was treated with 10% palladium on 
carbon (0.06 g) and the mixture was shaken in a hydrogen atmosphere (40 psi) for 1 h. 
The mixture was filtered and concentrated to yield the methyl ester of the tifle compound. 
The methyl ester (0.27 mmol) was dissolved in methanol (9 mL), and 1.0 N 

30 sodium hydroxide (0.81 mL, 0.81 mmol) was added. The solution was stirred at RT 
overnight, then was concentrated. The residue was dissolved in water/acetonitrile (3 
mL), cooled to OT, and acidified with TFA (0.21 mL, 2.7 mmol). Tlie solution was 
concentrated and the residue was purified by reversed-phase flash chromatography to 
yield the tide compound. ^H NMR (400 MHz. CD3OD) 8 7.75 (t, IH), 7.4 (d, IH). 7.25- 

35 7.05 (m, 6H). 6.8 (d, IH), 6.7 (s. IH), 6.5 (d, IH), 5.35 (d. IH), 5.05 (m, IH). 3.8 (d. IH), 
3.65 (m, 2H). 3.4 (s, 3H). 2.9 (dd, IH), 2.7 (m, 2H), 2.6 (dd, IH). MS(ES) m/e 518.0 
|M+H]+. 
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Example4 

Preparation of fR,S)-8-rrf 1 23.4-tetrahvdm-7-iKnqinnn1inv11fliTiino1cariinnv1^ ^ 4,^. 

5 tetrahYdro-3i)?^o-4-(2>phenvlethvlVlH-^ 

a) methyl (R,S>8-[(N-(t-butoxycarbonyl>U3Atetrahydro-7-isoquinolk 

carbonyl]-23,4^-tetrahydio-3-oxo-4-(2-phenylethyl)-lH-1.4-benM^^ 
acid 

10 Methyl (R,S)-8<arboxy4,2,4,5-tBtrahydro-3-oxo-4-(2-phenylethyl)-3H-l,4- 

benzodiazepine^2-acetate (2.0 mmol) dissolved in DMF (30 mL) was treated with EDC 
(2.2 mmol) and 1-HOBT (285 mg, 2.1 mmol). The mixture was treated with N2.(tert- 
butoxycaibonyl)-7-amino-l A3,4-tetrahydro-isoquinoline (2.4 mmol) , stirred at RT for 
48 h, concentrated and the residue was purified by flash chromatography to yield the title 

15 compound. 

b) (R,S)-8-[[(l,23,4-tetrahydro-7-isoquinolinyl]amino]-carbonyl]-23A5-^^ 
oxo-4-(2-phenylethyl)-lH-l»4-benzodiazepine-2-acetic add 

The compound of Example 4(a) (0.56 mmol) was dissolved in a mixture of 
2 0 CH2CI2 (25 mL) and TFA (5 mL). Af t^ 1 h, flie mixture was concentrated to give the 
methyl ester of the title compound. 

The methyl ester (0.27 mmol) was dissolved in methanol (9 mL), and LO N 
sodium hydroxide (0.81 mL, 0.81 mmol) was added. The solution was stirred at RT 
overnight, then was concentrated. The residue was dissolved in watei/acetonitrile (3 
25 mL). cooled to 0°C, and acidified with TFA (0,21 mL, 2.7 mmol). The solution was 
concsaitrated wTd'the residue was purified by reversed-phase flash chromatography to 
yield the titte compound. AnaL [C29H30N4O4-0.6(C2HF3O2) L5(H2O)] calcd: 
C,60.55; H,5.64; N,9.31. found: C,60.45; H,5.80; N.9.28. 

30 Pxampteg 

fffipar^Upn Qf fR,SV7'ff44'-bipireridin-l-vlkarhonvn^p,> fcvclo ^ 4 s, 

tetrahvdro-3-oxo-lH-l ■4-henzQdiareptnft.9..|^rPf^f i^^H 
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a) methyl (R.S>7H:arboxy-4-[2-(cyclohexyl)ethylJ-23A5-tetrahydro^^^ 
benzo(liazepine-2-acetate 

A solution of methyl (R»S)-7-carboxy-2,3,4,5-tetrahydro-3-oxo-4-(2- 
phenylethyl)'lH-l,4-benzodiazepine-2-acetate (1.2 mraol) and 0.6N hydrochloric acid 
5 (40 mL) in methanol (50 mL) was treated with platinum oxide (120 mg) and 
hydrogenated (45 psi) and the mixture was filtered and concentrated to give the title 
compound. 

b) methyl (R,S)-74(4,4'.bipiperidin-l-yl)carbonyl]<2-(cyclohexyl)ethyl]-2^^ 
10 tetrahydro-3-oxo-4-lH-l,4-benzodiazepine-2-acetate 

TTie compound of Example 5(a) (2.0 mmol) dissolved in DMF (30 mL) was 
treated with EDC (2.2 mmol) and 1-HOBT (285 mg, 2.1 mmol). This mixture was 
treated with N-(t-butoxycarbonyl)-4,4'-bipiperidine (2.4 mmol), stirred at RT for 48 h, 
concentrated and the residue was purified by flash chromatography to yield the title 
15 compound. 

c) methyl (R,S)-7-[(4,4'-bipiperidin-l-yl)carbonyl]-4-[2-(cyclohexyl)ethyl]-2,3,4,5- 
tetrahydro-3-oxo-lH-l,4-benzodiazepine-2-acetic acid 

The compound of Example 5(b) (0.56 mmol) was dissolved in a mixture of 
20 CH2CI2 (25 mL) and TFA (5 mL). After 1 h, the mixture was concentrated to give the 
title compound. 

d) R,S)-7-[(4,4'-bipiperidin-l-yl)carbonyI]^[2-(cyclohexyl)ethyl]-^^^ 
oxo-lH-l,4-benzodiazepine-2-acetic acid 

25 The compound of Example 5(c) (0.3 mraol) was suspended in acetone (2 raL) and 

treated Utffimnl^dfraaehydrate^^ mg) in water (2 mL). The mixture was stirred 
overnight, treated with methanol and additional lithium hydroxide hydrate (5.5 mg) was 
added in two portions over 9 h. The mixture was concentrated and the aqueous residue 
was neutralized with hydrochloric acid and concentrated. The residue was placed in the 
30 refrigerator overnight and filtered. The filter cake was washed with cold water, acetone 
and ether to yield the title compound Anal. [C30H44N4O4-2.5(C2HF3O2) '2(H20)] 
calcd: C,49.70; H.6.02; N,6.62. found: C,49.43; H,6.02; N,6,62. . 

Exqmplg$ 

35 

ft^pmtipnQffR,f?V7-rf4-f2-aminoethvnniDeridin-^vllcai bonvl1^ 
0X0-4-f2>DhenvlftrhvlVlH-L4-ben7nd iazepine-2-acerin 
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a) methyl (R,SH-n4-(N.t-butoxycarbonyl)(2-aminoethyl)-piperidin-l-yl]carbon 
23,44-tetrahydro-3-oxo-4-(2-phenylethyl)-lH-l,4-benzodiazepine-2-acetate 

Methyl R,S)-7-carboxy-2,3,4,5-tetrahydro-3-oxo-4-(phenylethyl)-lH.l,4- 
5 benzodiazepine-2-acetate (2.0 mmol) dissolved in DMF (30 mL) was treated with DCC 
(458 mg, 2.2 mmol), 1-HOBT (285 mg, 2.1 mmol) and adjusted to pH 7 with 
triethylamine. The mixture was treated with N-(t-butoxycarbonyl)-2-(4- 
piperidinyl)ethanamine (2.4 mmol) , stirred at RT for 48 h, concentrated and the residue 
was purified by flash chromatogr^hy to yield the title compound. 

10 

b) (R^>7-[[4-(2-aminoethyl)pipeiidin-l-yI]carbonyl]-2,3.4,5-tetiahydro-3-oxo4-a- 
phenylethyl>lH-l,4-benzodiazepiiie-2-acetic acid 

the compound of Example 6(a) (0.56 mmol) was dissolved in a mixture of 

CH2CI2 (25 mL) and TFA (5 mL). After 1 h, the mixture was concentrated to give the 

15 methyl ester of the title compound. 

The methyl ester (0.27 mmol) was dissolved in methanol (9 mL), and 1.0 N 

sodium hydroxide (0.81 mL, 0.81 mmol) was added. The solution was stined at RT 

overnight, then was concentrated. The residue was dissolved in water/acetonitrile (3 

raL), cooled to O'C, and acidified with TFA (0.21 mL, 2.7 mmol). Tlie solution was 

20 concentrated and the residue was purified by rcversed-phase flash chromatography to 

yield the tiUe compound. MS(ES) m/e 479 [M+H1+, 477 {M+U]\ 

Example? 

25 ftPParation of (R.S)-7-rfn.2.3.4-tetrahvrim.7.ic n ouinnltnvl1 a ^ino1carhnnvn-? ^d'^. 

letfflhyaro^3=Oxo=4=f2=i)henTlethv1V:m--l74:h^H r^ ^^^^ 

Using die procedure of Example 4, except substituting 

methyl (R,S)-7-carboxy-23,4,5-tetrahydrD-3-oxo-4-(2-phenylethyl)-lH-l,4- 

benzodiazepine-2-acetate for methyl (R,S)-8-carboxy-2,3,4,5-tetrahydro-3-oxo-4-(2- 
30 phenylethyl)-lH-l,4-benzodiazepine-2-acetate, gave the tifle compound. Anal. 

[C29H30N4O4-2(C2HF3O2)-0.75(H2O)] calcd: C. 53.55; H. 4.36; N, 7.57. found: C, 

53.80; H, 4.56; N, 7.56. 

Example 8 

35 

Preparation of fR..SV7-rf4 4'-hinipftririin.l-Yl)carhnnvn.? ^ A s .tetrahvdrn-4-mftthyl.^. 
OXO-lH-1 .4-henzndia7itpinft -2-acftHr. agf l 
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a) t-butyl 3-methyl-4-nitroben2oate 

3-Methyl-4-nitrobenzoic acid (500 g, 2.76 mol) was added to pyridine (125 L) 
and stirred until it dissolved. Benzenesulfonyl chloride (609 g, 3.45 mol) was added 
5 rapidly while maintaining the internal temperature <30°C with an ice bath. A precipitate 
formed towards the end of the addition and pyridine (500 mL) was added to improve 
stirring. The mixture was stirred for 30 rain and t-butanol (523 mL) was added dropwise 
over 30 min at < SOT. The mixture was stirred for 2 h, dissolved in hexane:ethyl acetate 
(4:1; 2.5 L) and the resulting mixture ws extracted witii water. The organic phase was 
10 concentrated to give a light yellow oD which crystallized on cooling to give tiie titie 
compound (635 g, 97%). mp 56-58*»C. 

b) t-butyl 3-bromomethyl-4-nitrobenzoate 

A solution of the compound of Example 8(a) (635 g, 2.68 mol) in carbon 
IS tetrachloride (6 L) was stirred and treated witii N-bromosuccinimide (476.5 g, 2.68 mol). 
Hie mixture was irradiated and heated to reflux with 3 flood lamps positioned below the 
solution level. Benzoyl pwoxide (6 g) was added in four portions while tiie mixture was 
heated to reflux and Ihe last portion was added as reflux was reached after 2 h. The 
mixture was irradiated at teSbik for 12 h, cooled, allowed to stand sevwal hours, filtered 
20 and concentrated to a brown oil (870.7 g). The oil was taten up in haiane (3 L) and dber 
(500 mL) (boiling), filtered and tiie filtrate was partiy concentiated by boilmg. The 
resulting solution was aUowed to stand overnight and Uie off-white crystalline solid 
which formed was filtered, washed witii hexane and dried to give tiie titie compound 
(396.6 g, 46.8%). mp 80-83»C; iR NMR (250 MHz) 5 4.5 (2H); TLC Rf 0.7 (silica gel, 
25 15 efliyl acetate/hexane). The filtrate yielded a second crop on standing (73 g). mp 61- 
65»e. — 

c) t-butyl 3-(metiiylamino)metiiyl-4-nitrobenzoate 
Aqueous 40% raetiiylamine (623 mL) was added to dimefliylfoimamide (2.5 1) 

stirred at -5°C in an acetone/ice bath. A solution of die compound of Etample 8(b) ^38 
g, 0.753 mol) in etiiyl acetate (600 mL) was added dropwise over 1 h while maintaining 
die internal temperature between O'C and -5°C. Hie clear yeUow reaction mixture was 
stined for an additional 30 min and was dUuted witii an equal volume of water. Hexane 
was added, tiie organic phase was sqiarated and tiie aqueous phase was extracted witii 
hMcane. The combined organic attracts were washed witti wata: and concentrated to give 
flie titie compound (217.8 g) as a bright yellow oiL 
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d) t-bulyl 3-[N-(t-butoxycarbonyl)-(methylamino)-methyl]-4-nitrobenzoate 

A solution of the compound of Example 8(c) (0.753 mol) in ethyl acetate (1 L) 
was stincd and treated with di-t-butyl dicarbonate (180.8 g, 0.828 mol) which was added 
in portions. A vigorous reaction occurred with rapid gas evolution which ceased after the 
5 final addition of the dicarbonate. The r&action mixture was stirred for an additional 30 
min, and was extracted with 4% aqueous sodium carbonate and with water. The organic 
phase was concentrated to give a light yellow oil which was dissoved in hexane and 
cooled in a Dry Ice/acetone bath to initiate crystallization. The mixture was stored in the 
refrigerator, filtered and dried to give the tide compound (129 g, 47%) which was used in 
10 the next step, mp 56-58°C. NMR (CDCI3) 5 8.05 (2H, s), 7.95 (IH, s), 4.8 (2H, d). 2.9 
(2H, s), 1.6 (9a s), 1.5 (9H, s); HPLC tR 27 min (Zorbax RX Cig. gradient, 4.6 X 150 
nun, Armedianol B:waler-0.1% TFA, 50-90% methanol during 40 min, UV detection at 
210 nm). 



15 e) t-butyl 4-amino-3-[N-(t-butoxycarbonyl)-(methylamino)raethyl]benzoate 

A solution of the compound of Example 8(d) (129 g,0.352 mol) in ethyl 
acetate/methanol (1:1, 1.5 L) was treated with 10% Pd/G (40 g) moistened with ethyl 
acetate undo: argon in a hydrogenation bottle. The bottle was purged with hydrogen and 
shaken until the theoretical amount of hydrogen was absorbed. The mixture filtered 

2 0 ttirough Celite® and the filtrate containing the title compound was used in the next step. 

f) t-butyl (E/Z>3-INKt-butoxycarbonyl)(methylamino)methyl]-4-[2-(l,4-dimedioxy 
dioxo-2-butenyl)amino]benzoatB 

A solution of the compound of Example 8(e)(118.3 g, 0,352 mol) in 
25 methanohethyl acetate (1.5 L) was stirred at RT under argon and dimethyl 

ajce^lenaicaieragFiae^^ was added dropwise over 30 min and the " 

mixture was heated to reflux for 16 h. The mixture was cooled and dimethyl 
acetylenedicaiboxylate (6.0 mL, 0.0488 mol) was added in one portion. The reaction 
mixture was heated to reflux 2.5 h. The resulting solution containing die tide compound 
30 was cooled and used in the next step. 

g) t-butyl (R,S)-3-|N-(t-butoxycarbonyl)-(methylaraino)-methyl]-4-[2-(l,4-dimethoxy- 
l,4-dioxobutyl)amino]benzoate 

A solution of the compound of Example 8(f) (-168 g, 0.352 mol) in ethyl 
35 acetaterraethanol (1.5 L) was added to 10% Pd/C (20 g) moistened with eUiyl acetate 
under ai:gon in a hydrogenation bottle. The mixture was shaken in a hydrogen 
atmosphere and heated to 48**C until die dieoretical amount of hydrogen was absorbed. 
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cooled, vented, filtered through Celite® and the filtrate was concentrated to give the title 
compound (173.4 g) as a yellow oil. HPLC tR 18.9 rain (Zorbax RX Cig. 4.6 X 150 mm, 
1 mL/min. gradient, Armethanol B:water-0.1% TFA, 50-90% methanol over 40 min, UV 
detection at 210 nm). 

5 

h)(R,S)-4-[2-(l,4-dimethoxy-l,4-dioxobutyl)araino]-3-[(methylaraino)raethyl]benzoate 

A solution of the compound of Example 8(g) (0.348 raol) in dichloromethane 
(500 mL) was added over 30 rain to a stirred solution of TFA (684 mL) and 
dichloromethane (1550 mL); the internal was between 18°C-25°C. The solution was 
10 stirred overnight at RT and concentrated to give the title compound (254.6 g) as a brown 
oil. HPLC 19 min (Zorbax RX Cig column, 4.6 X 150 mm, gradient, 1 mUmin, 
Amethanol B:water-0.1% TFA, 10-60% methanol over 50 min, UV detection at 210 
nm). 

15 i) methyl (R,S)-7-carboxy-2,3,4.5-tetrahydro-4-raethyl-3-oxo-lH-l,4-benzod^ 
acetate 

A solution of the compound of Example 8(h) [1 12.7 g (0.348 mol) with TFA 
(141,9 g)] in methanol (2 L) was cooled to between 0°C to -5°C and stirred under argon. 
Sodium methoxide in methanol (25%; 396 mL, 1.94 raol) was added over 2 h, 

2 0 maintaining the internal temperature between OT to -5**C. Following the addition, the 

temperature was allowed to rise slowly and the mixture stkred for 45 min. Glacial acetic 
acid (42 mL) was added to the reaction mixture followed by water (1.5 L), A crystalline 
precipitate began to form and the pH of the mixture was adjusted to 4.5 by careful 
additions of 12N hydrochloric acid. The mixture was stirred a few min, filtered and the 

2 5 precipitate washed with water and vacuum dried to give tiie title com pound (77.6 g, 

76%)riH NMR (250 MHz, DMS0ci6) 5 7.5 (2H, m), 6.5 (2H, m), 5.5 (IH, d). 5.2 (IH, 
ra), 3.9 (IH, d), 3.6 (3H, s), 2.9 (3H, s), 2.9-2.6 (2H, m); mp 276-277T, HPLC tR 23.2 
min (Zorbax RX C18, 4.6 x 150 mm, 1 mUmin, gradient, Amethanol B:water-0.1% 
TFA, 10-60% methanol over 50 min, UV detection at 210 run); Anal.(Ci4Hi6N205) 

30 calcd: C, 5753; H, 5.52; N, 9.58. found: C, 57.27; H, 5.41; N, 9.17; mp 280-280.5T 
(dec). 

j) metiiyl(R,S)-7-[[r-(t-butoxycarbonyl).4,4'-bipiperidin-l-yl]carbonyl]-2,3,4,5- 
tetrahydro-4-raetiiyl-3-oxo- 1 H- 1 ,4-benzodiazepine-2-acetate 

3 5 Using the procedure of Example 5(b), except substituting tiie compound of 

Example 8(i) for metiiyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-3-oxo-4-(2-phenyletiiyl)-lH- 
l,4-benzodiazepine-2-acetate, gave tire title compound. 
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k) methyl (R,S)-7-[(4,4^bipiperidin-l-yl)carbonyl]-2,3A5-tetrahydro-4^ 
lH-l,4-benzo(liazepine-2-acetate 

Using the procedure of Example 5(c), except substituting the compound of 
5 Example 8(j) for the compound of Example S(b), gave the tide compound. 

I) (R.S)-7-[(4,4'-bipiperidin-l -yl)carbonyl].2,3.4,5-tettahydro-4-methyl-3-oxo-lH4,4- 
benzodiazBpine-2-acetic acid 

Using the procedure of Example 5(d), except substituting the compound of 
10 Btample 8(k) for the compound of Sample 5(c) and substituting sodium hydroxide for 
lithium hydroxide, gave the title compound. AnaL 

tC23H32N404-2(C2HF3Q2)]-2.5(H20)] calcd: C, 46.22; H, 5.46; N, 7.99. found: C, 
46.33; H, 5.45; N, 7.97. 

Preparation of (R ■SV2.^.4.5-tetrahvf1rn.^. oxo.2.r2.phftnvlethvn-7-rf f2.n . 
mperazinvnethvllmethvlaminnl-carhnnvn-l H-2-hp.n7;>7i .Dine-4-acetic adri 

20 a) methyl (R,S)-7-[[[2-t4-{benzylo3qrcarbonyl)-l-piperazinyl)]ethyllmelhylamino] 
carbonyl]-23.44-tetrahydro-3-oxo-2-(2-phenylefliyl)-lH-2-baizazepine-4-acetate 
Methyl (R,S>7-carboxy-2,3,4,5-tetrahydro-3-oxo-2-(2-phenylethyl).lH-2- 
benza2epine-4-acetate (2.0 mmol) dissolved in DMF (30 mL) was treated with DCC (458 
rag, 2.2 mmol), 1-HOBT (285 mg, 2.1 mmol) and adjusted to pH 7 with triethylamine. 
25 Hie mixture was treated with 2-[l-[4-(benzyloxycarbonyl)pipera2myl]]-N-methyl- 
ethanamine-(2:4 mmol)rstiifea at RT for48 h, concentrated and the residue was purified 
by flash chromatognq)hy to yield the tide compound. 

b)(R,S)-2,3,4.5-tetnihydro-3-oxo-2-<2-phenylethyl)-7-[[[2-(l-pipera2inyl)ethyl] 
30 methylamino]carbonyl]-lH-2-benzazepine-4-acetic acid 

The compound of Example 9(a) (0.3 mmol) was dissolved in medianol (20 
mL), and added to palladium hydroxide (100 mg) and 3N hydrochloric acid (1 mL). 
The mixmrc was hydrogenated (40 psi) for 6 h. The reaction mixture was filtered, 
the catalyst washed with acetonitrile and the filiate concentrated. 
35 Hie mediyl ester (200 mg, 0.3 mmol) was dissolved in methanol (4 mL) and IN 

sodium hydroxide (0.5 mL), stirred, concentrated, diluted with water, acidffied with 3N 
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hydrochloric acid and concentrated. The residue was chroraatographed by HPLC to yield 
the title compound as white solid. 

Example 10 

5 

Prepa ration of (R.SV2-huwl-2J.4.5-tefrahvdro-3-oxn^7-rrr2-fpiDeridin>4-viv 
ethvnroethvlamino1carhonvlMH-2-hft nzazeDine-4-acetic add 

l-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.19 g, 6.23 
mmol) was added all at once to a solution of methyl (R.S)-7-carboxy-2,3,4,5-tetrahydro- 

10 3-oxo-lH-2-benzazepine-4-acetate (1.44 g, 5.19 mmol), benzyl alcohol (2,7 mL. 25.95 
ramol), diisopropylefliylaraine (1.8 mL, 10.38 mmol), and 4-(dimethylamino)pyridine 
(761 mg, 6.23 mmol) in anhydrous dimethylformamide (26 mL) at RT. The reaction was 
stirred for 24 h and concentrated to leave a pale yellow oil. The oil was diluted with ethyl 
acetate (200 mL), and the cloudy mixture was washed sequentially with IN hydrochloric 

15 acid and water. The combined aqueous layers were extracted with ethyl acetate, and the 
combined organic layers were dried (MgS04) and concentrated. Chromatography over 
siKca gel gave methyl (R,S)-7-benzyloxycarbonyl-2,3,4,5-tetrahydro-3-oxo-lH-2- 
benzazepine-4-acetate (1^9 g, 83%). 

methyl (R,S)-7-bai2yloxycaibonyl-2,3,4,5-tetrahydro-3-oxo-lH-2-benz^ 
20 acetate (220.4 mg, 0.60 mmol) was suspended in toluene (5-10 mL), and the mixture was 
carefully concaitrated to remove water and residual solvents. The resulting solid was 
dissolved in dry 1:1 TUFiDMF (12 mL), and 1-iodobutane (3.0 ramol) was added. 
Sodium hydride (60% in mineral oil, 29 mg, 0.72 mmol) was added, causing gas 
evolution and slight wanning. After 15 min, the reaction was cooled to 0°C and 
25 quenched with saturated aqueous ammonium chloride (2 mL). The mixture was diluted 
with ether (50 mL) and washed with'mier'TBecS^ aqueous layers were extracted 
with ether, and the combined organic layers were dried (MgS04) and concentrated. 
Chromatography over siHca gd yielded methyl (R,S)-7-b«izyloxycarbonyl-2,3,4,5- 
tetrahydro-2-butyl-3-oxo-lH-2-ben2azepine-4-acetate. 

10% Pd/C (64 mg, 0.06 ramol) was added carefully to a solution of metiiyl (R,S)- 
7-benzyloxycarbonyl-2,3,4,5-tetrahydro-2-butyl-3-oxo-lH-2-benzazepine-4-^^ 
mmol) in methanol (12 mL). The mixture was purged with hydrogen and stirred briskly 
at RT under hydrogen (balloon pressure). After 15 h, the mixture was filtered tiirough 
Cdite®. and the filtrate was concentrated to afford methyl (R.S)-7-carboxy-2,3,4,5- 
3 5 .tetrahydro-2-butyI-3-oxo- lH-2-benza2epine-4-acetate. 

H3-diraethylaminopropyl>-3-ethylcari)odiimide hydrochloride (90 mg, 0.47 
mmol) was added to a solution of methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-2-metiiyl-3- 
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oxo-lH-2-benzazepine-4-acetate (0.39 mmol), N.methyl-2-(pyrid-4-yl)ethanamine (64 
rag, 0.47 mmol). l-hydroxybenzotriazole (63 mg, 0.47 mmol), and diisopropylethylaraine 
(0. 14 mL. 0.78 mmol) in diy dimethylformamide (2 mL) at RT under argon. The 
reaction was stinred for 23 h and concentrated. The residue was partitioned between ethyl 
5 acetate and water. The layers were separated, and the organic phase was washed with 
water. The combined aqueous layers were back-extracted with ethyl acetate, the 
combined organic layers were dried (sodium sulfate) and concentrated to leave a yellow 
oil. The combined aqueous layers were concentrated and sodium chloride was added. 
TTie resulting mixture was exhaustively extracted with chloroform. The combined 

10 organic phase was dri^d (sodium sulfate) and concentrated to give a yellow oil, which 
was combined with the material from the ethyl acetate phase. Chromatography over 
siUca gel yielded methyl (R,S)-23.4,5-tetrahydn)-2.butyl-3-oxo-7-[[[2-(pyrid-4- 
yl)ethyl]methylamino]carbonyl]-iH-2-benzazepine-4-acetate. 

Platinum oxide (4 mg) was added to a solution of methyl a[l,S)-2,3,4,5-tetrahydro- 

15 2-butyl-3-oxo-7-[[[2-(pyrid.4-yl)ethyl]methylaraino]carbonyl].lH-2-benzazepine 
acetate (0,35 mmol) and IN hydrochloric acid (0.35 mL, 0.35 mmol) in methanol (3.5 
mL), and the mixture was stirred briskly under H2 (balloon pressure). After 7 h, the 
reaction was filtered through Celite® and concentrated, and the residue was dissolved in 
methanol (3 J mL). Platinum oxide (4 mg) was added, and the mixture was stirred 

20 briskly under H2 (balloon pressure) for 16.5 h. Filtration through Celite® and 

concentration yielded methyl (R,S)-2,3,4,5-tetrahydro-2-butyl.3-oxo-7-[[[2-(piperidin.4- 
yl)ethyl]methylaraino]carbonyl]-lH-2-benzazepine-4-acetate. 

Methyl (R,S)-2,3,4,5-tetrahydro-2-butyl-3-oxo-7-[[(2-(piperidin-4- 
yl)ethyl]methylamino] carbonyl]-lH-2-benzazepine-4-acetate was dissolved in methanol 

25 (12 mL) and cooled to 0°C. IN Sodium hydroxide (1.05 mL, 1.05 mmol) was added 
dropwise, andlfiesoliition was allowed to warm to RT. The reaction was stirred at RT 
for 24 h and concentrated. The residue was concentrated from 1:1 acetonitrile:water (4 
mL) to remove methanol, the residue dissolved in 1:1 acetonitrile:water (4 mL), and 
cooled in ice. TFA (0.27 mL, 3.5 mmol) was added and the reaction was concentrated. 

30 The residue was purified by rcversed-phase flash chromatography. Concentration and 
lyophilization gave the title compound. MS(ES) m/e 444 [M+H]+ 

Examples lun 

a) Using the procedure of Example 10 to alkylate the 2-araino group and 
35 debenzylate the benzyl ester, except substituting benzyl bromide or (5- 

iodopentyl)ben2ene for iodobutane, and using the procedure of Example l(a)-(b), except 
substituting Pd/C for palladium hydroxide, yielded the following compounds: 
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11(a). methyl 2.benzyl-23.4,5.tetrahydr().3-oxo-7.[[[2.(piperidin-4- 
yl)ethyl]methylammo]cait)onyl]-lH-2-benzazepine.4-a^^ MS(ES) m/e 492 [M+H]+ 
12(a). methyl 2,3.4,5-tetrahydro-3-ox()-2-(5-phenylpentyl)-7-[[[2-(piperidin.^^^ 
ethyl]methylamino]carbonyl].lH-2-benzazepine.4-acetate. MS(ES) m/e 548 [M+H]+. 

5 

b) Using the procedure of Example 1 (c), except substituting the compounds of 
Example lM2(a) for the compound of Example 1(b), gave the following compounds: 
11(b). 2-benzyl-23A5.tetrahydro-3H)xo-7-[[[2Hpiperidin-4-yl)^ 
ethyl]methylamino]carbonyl]-lH-2-benzazepin&4-acetate. 
10 12(b). 23A5-tetrahydro-3-oxo-2-(5-phenylpentyl)-7-[[[2-(piperidin-4^^^ 
ethyl]raethylamino]carbonyl]-lH-2-benzazepine-4-acetate. 

pxample 13 

15 mpayatjCT Pf (R,3)-74rr4-(aminoiminomethvnnhenvllmethv^aminn l cariionvl1-2.T4^ 
tetyahvdr0-2-iS0Pr0PVl-3-oxo-lH-2.ben7a7£pi ne-4>aceticadd 

Using the procedure of Preparation 8(c)-(j). except substituting isopropylamine 
for 2.phenethylamine in the procedure of Preparation 8(c) and substituting 2.4,6-coIlidine 
for sodium methoxide in methanol in the procedure of Preparation 8(g), gave the titte 

20 compound. MS(ES) m/e 437 [M+H]+ 

Example.^ 14-17 

Using the procedures of Preparation 8(c)-(g), except substituting a) 
isopropylamine, b) isopentylamine, c) 33-dimethylbutylamine or d) cyclohexylamine for 
25 phenethylamine in the procedure of Preparation 8(c), and optionally substituting 2,4,6- 
-comdine7tnetl^lamine irtoluene, or diisopropylethylamine in xylene, for sodium 
methoxide in methanol in the procedure of Preparation 8(g), and subsequentiy using the 
procedure of Example 2(b)-(d), except optionally substituting benzotriazol-l-yloxy- 
tris(dimethylamino)-phosphonium hexafluorophosphate for l-(3-dimethylamino-propyl)- 
3 0 3-ethylcarbodiimide, gave the following compounds: 

14. (R,S)-2,3,4,5-tetrahydro-2-isopropyl-3-oxo.7-[[[2-(4-piperidinyl)ethyl] 
methylamino]carbonyl]-lH-2-benzazepine-4-acetic acid. MS(ES) m/e 430 [M+HJ+. 

15. (R,S)-2,3,4,5.tetrahydro-2-isopentyl-3-oxo-7-[[[2-(4- 

piperidinyl)ethyl]methylamino]carbonyl]-lH-2-benzazepine^acetic acid. MS(ES) m/e 
35 458[M+H]+. 
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16. (R,S)-2-(3>(limethylbutyl)-2,3,44-tetrahydro-3-oxo-7-([[2-(4- 

piperidinyl)efliyl]methylaminolcaitonyl]-lH-2-benza2epine-4-acetic acid MS(ES) m/e 
472 [M+HJ+. 

17. (R,S)-2-cyclohexyl-23,4,5-tetrahydro-3-oxo-7-[H2-(4- 

piperidinyI)ethyl]methylaraino]carbonyl]-lH-2-benza2epine-4-aceac add MS(ES) ra/e 
.470[M+H]+ 

Example IS 

PrePWatiQD of (R.SV2-r2-f4-fliiomnhenvltethvn.? <t 4 S .tefrahvrim.ct.n.^7.f fp.(.^ 
Pii»ri<linvl)ethvI1methv]ainino1-catfaonvli-iH-9. hMi7ji7/»pm^ P^-^ 
Using the procedure of Preparation 8(c)-(g), except substituting 4- 
(fluoro)phenethylamine for phenethylamine in the procedure of Preparation 8(c) and 
substituting dusopropylethylamine in xylene for sodium methoxide in methanol in die 
procedure of Preparation 8(g), and using tije procedure of Example 1, gave tiie titie 
compound MS(ES) ra/e 510 (M+HQ+ 

Example IQ 

Preparation of (R.SV7-rrr4-(aminoiminnmftthvl^nhenvn-«^rhnTl Y naminn1-? 'iA'i. 
tgtrahVdro-3-OXO-2-f2^nhenvlflthvll-lH-2.hMi^7 Ppine.4.arP.tiri^^^ 

a) methyl (R,S)-7-amino-2,3,4>tetrahydro-3-oxo-2-(2-phenyletiiyl]-lH-2-benzazepine- 
4-acetate 

A mixture of metiiyl (R.S)-7-carboxy-2.3,4,5-tettahydro-3-oxo-2-(2-phenyleaiyl)- 
lH-2-benza2epine=4=acetate-(2:67TBm61)7ineUiylain^ (0.42 mL, 5.87 mmol) and 
diphenyl phosphorylazide (0.62 mL. 2.80 mmol) in toluene (20 mL) was heated at 105°C 
for 0.5 h. After the tcmperatiire was lowered to 80'C. the mixtiirc was treated with benzyl 
alcohol (0.60 mL, 0.42 mmol), stirred for 14 h and concentrated. The residue was 
purified by flash chromatography to give methyl (R,SH-(carbobenzyloxy)amino-23,4,5- 
tetrahydro-3-oxo-2-(2-phenylethyl)-lH-2-benzazepine-4-acetate. 

The Cbz compound (0.68 g, 1.38 mmol) was dissolved in meflianol(10 mL) and 
palladium on carbon (5%, 50 mg) was added. The mixture was hydrogenated for 1 h, 
filtered tiirough Celite® and concentrated to yield tiie titie compound. 



PCrAJS9S/D0248 



-42- 

b) methyl (R,S)-7-[[[4-(N-benzyloxycarbonyl)-(aminoimiomethyl)pheny 
ammo]-23.4^-teti^ydn)-3-oxo-2-(2-phenylethyl].lH-2-^ 

4-[N-(benzyloxycarbonyl)(aminoiminomethyl)]benzoic acid (2.0 mmol) dissolved 
in DMF (30 mL) was treated with l-(3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (2.2 mmol), 1-HOBT (285 mg. 2.1 mmol) and adjusted to pH 7 with 
diisopropylethylamine. The mixture was treated with the compound of Example 19(a) 
(2.4 mmol), stirred at RT for 48 h, concentrated and the residue was purified by flash 
chromatography to yield the title compound. 

c) methyl (R,S)-7-[[[4-(aminoimiomethyl)phenyl]carbonyl]-amino]-2,3,4.5-tetrahydro-3- 
oxo-2-(2-phenylethyl]-lH-2-benza2epine-4-acetate 

A solution of the compound of Example 19(b)(0.15 mmol) and 10% Pd/C (20 mg) 
in methanol (40 mL) and acetic acid (8 drops) was shaken in a hydrogen atmosphere (45 
psi) for 30 min. Hie mixture was filtered and the filtrate concentrated in vacuo to yield 
the title compound. 

d) methyl (R,S)-7-[[[4-(aminoiminomethyl)phenyl]carbonyl]-araino]-2,3,4,5-tetrahydro- 
3-oxo-2-(2-phenylethyll-lH-2-benza2epine-4-acetate 

A solution of the compound of Example 19(c) (65 mg, 0.12 mmol) was stirred in 
lithium hydroxide in aqueous THF at room temperature under argon overnight. The 
mixture was treated with 3N HCl (1 mL) and concentrated in vacuo. The residue was 
purified by HPLC, MS(ES) m/e 485 [M+H]+ 483 {M-H]-. 

Example 20 

PiPgridinvnethvl1caibonvllamino1-lH-2-hftn7i> 7^Dme-4-ac^ prid 

a) methyl (R,S).23,4^-tetrahydro-3^xo.7-[[[2.(4.pyridyl)ethy^^ 
(phenylethyl)-lH-2-benza2epme-4-aceiate 

Using the procedure of Example 19(b), except substituting 4-(pyridyl)propionic 
acid for 4-[N-(ben2yloxycarbonyl)(aminoiminomethyl)]ben2oic acid, gave the title 
compound. 
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b) (R.S)-2-[2-(cyclohexyi)ethyl]-2,3A5-tetrahydro-3-ox(>-7-[[[2^ 
piperidinyl)ethyl]carbonyl]araino]-lH-2-benzazepine-4-acetate 

Using the procedure of Example 2(c)» except substituting the compound of 
Example 20(a) for die compound of Example 2(b) and subsequently using the procedure 
5 of Example 2(d) except substituting lithium hydroxide in aqueous THF for sodium 
hydroxide in aqueous methanol, gave the title compound. MS(ES) m/e 484 [M+H]+, 482 
[M-H]-. 

Example 21 

10 

Preparation of fll,SVR-rf44^bipiperidin-l -vncarbonvl1-234.5-tetrahvdro>3>oxo.2 
phenvlethvlVlH-2-benzazepin&4-acetic acid 



a) methyl (R,S)-8-caiboxy-23.4,5-tetrahydro-3-oxo-2-(2-phenylethyl).lH-l,4. 
15 benzodiazepine-4-acetate 

Using the procedure of Preparation 8(a)-(g), except substituting 4-bromo-3- 
methylbenzoic add for 3-bromo-4-methylbenzoic acid, gave the title compound. 

b) (R,S)-8-[(4,4-bipiperidin-l-yl)carbonyl]-23,4,5-tetrahydro-3-oxo-4-(2-phenylethyl)^ 
20 lH-2-benzodiazepme-4-acetic acid 

Usmg the procedure of Example 5(b)-(d), except substitutmg the compound of 
Example 21(a) for the compound of Example 5(a) gave the title compound. AnaL 
(C3lH39N304'H20) calcd: C. 69.78; H, 7.71; N. 7.84. found: C, 69.38; H.7.68; N, 
7.37.. 

25 



ET^ampig ?2 



Preparation of fR.SV2,3.4.S-tetrahvdrQ>3-n xo-2-f2-phenvlftthvlV7-frr2-f4> 
Piperidinvnethvn-methvlaminolcai^nvl1-lH-2-henza7^ pine-4-prQpi 

30 

a) ethyl 5-[5-(t-butoxycarbonyl)-2-[[[N-(t-butoxy-carbonyl>N-(2- 
phenylethyl)]araino]methyl]phenyl]-4-ethoxycaibonyl-4-pentenoate; and 
ethyl 5-[5-(t-butoxycarbonyl)-2-[[[N-(t-butoxycarbonyl>.N-(2- 
phenylethyl))]amino]methyl]phenyl]-4-ethoxycarbonyl-3-pentenoate. 
3 5 Using the procedure of Preparation 8(e), except sub-stituting diethyl 2- 

methyleneglutarate [Tet Utt., 30, 7381 (1989)1 for dimethyl itaconate. gave the title 
compounds. 
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b) ethyl 5-[5-(t-butoxycaibonyl)-2-[[[N-(t-butoxycarbonyl)-N-(2- 
phenylethyl)]ammo]methyl]phenyl]-4-(ethoxycarbonyl)-pentanoate 

Using the procedure of Preparation 8(f), except substituting the compound of 
5 Example 22(a) for the compound of Preparation 8(e) and substituting Pd/C in 
ethanol:ethyl acetate for palladium hydroxide in methanol, gave the title compound. 

c) ethyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-3-oxo-2-(2-phenylethyl)-lH-2-benzazepine- 
4-propanoate 

10 Using the procedure of Preparation 8(g), except substituting the compound of 

Example 22(b) for the compound of Prq)anition 8(0 and substituting hydrogen chloride 
in dioxane for TPA, gave the title compound. 

d) (R,S)-2,3,4,5-tetrahydro-3-oxo-2-(2-phenylethyl)-7-[[[2-(4-pipeiidinyl)etfiyl] 
15 methylamino]carbonyl]-lH-2-benzazepine-4-propionic acid 

Using the procedure of Example 1, except substituting die compound of Example 
22(c) for methyl (R,S)-8-carboxy-23,4>tetrahydro-4-methyl-3-oxo-lH-l,4- 
benzodiazepine-2-acetate, gave die tide conqiound. MS(ES) m/e 506 [M+H]+, 540 [M- 
H]-; Anal. (C30H39N3O4-HC1-3/8H2O) calcd: C, 65.68; H, 7.48; N, 7.66. found: C, 
20 65.67; H, 7.55. 

Exsmiilf.n.OA 

a) Methyl (R,S)-7-[l '-(t-butoxycarbonyl)-4,4'-bipiperidin- l-yl]carbonyl].2,3,4,5- 
tetrahydro-3-oxo-4-(phenyleihyl)-lH-l,4-benzodia2epine-2-acetate was chromatographed 

25 HPLC tR 16 min and 19.8 mm (Chiracel® OD, 21.1 X 250 mm, 10 mUmin, methanol. 
UV.lletecdMnft'250 nm)"togive die following compounds: 
23(a). mediyl (+)-7-[r-(t-batoxycarbonyl).4,4'-bipiperidin-l-yl]cart)onyl]-2,3,4,5- 
tetrahydro-3-oxo-4-(phenylediyl)-lH-l,4-benzodiazepine-2-acetate. 
24(a). medjyl (-)-7-[r-(t-butoxycarbonyl)-4,4'-bipiperidin-l-yl]carbonyl]-23,4> 
30 tetrahydro-3-oxo-4-ft)henyletiiyl)-lH-l,4-baizodiazepine-2-acetate. 

b) Using die procedure of Example 5(c)-(d), except substituting die compounds of 
Example 23-24(a) for die compound of Example 5(b). gave die foUowing compounds: 

23(b). (+)-7-[(4.4'-bipiperidin-l-yl)carbonyl]-2.3.4.5-tetrahydro-3-oxo-4-(phenylediyI)- 
35 lH-l,4-benzodiazepine-2-acetic acid: (a]D +128 (c 0.5,CH3OH); [a]D +80 (c=0.5 
water); Anal. (C30H38N4O4.2C2HF3O2.I.5H2O) calcd: C. 52.78, H. 5.60. N, 7.24. 
found: C. 52.70, H, 5.89, N, 7.47. 
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24(b). (-)-7-t(4.4-bipiperidin-l-yl)caibonyl]-2,3A5-tetrahydro-3-oxo-4-(phenyleA^^^ 
lH-l,4-ben20(iiazepine-2-acetic acid: Ia]D -118 (c 0.5,CH3OH); AnaL{C30H38N4O4 
•2C2HF3O2) calcd: C, 54.69, H. 5.40, N, 7 JO. found: C, 54.49, H, 5.40, N, 7.85. 

Preparation of (R.$)-7-f rf4.4'-binil)eridin-1 -vl^lcarfannvn.2,T4 S- tetfahvdnwt-isnprnpvl- 
3-oxo-lH-l ■4-hen7.ftdia7Rpine-2-acfttic acid 

10 a) methyl (R,S)-7-carboxy-4-isopropyl-2,3,4,5-tetiahydro-3-oxo-lH-l,4-benzodiazepine- 
2-acetate 

Using the procedure of Preparation 7(bHf), except substituting isopropylamine 
for phenethylamine in Piiq)aration 7(b) and substituting diisopropylethylamine in 
rcfluxing xylene for sodiun methoxide in methanol in Pr^aration 7(f), gave the title 
15 compound. 

b) methyl (R,S)-7-[I(4,4'-bipiperidin-l -yl)]caibonyl]-23,4>tetrahydro-4-isopropyl-3- 
oxo-lH-l,4-benzodiazepme-2-acetate 

Using the procedure of Example 5(b)-(c), except substituting the compound of 
20 Example 25(a) for flie compound of Example 5(a) gave the title compound. 

c) (R,S)-7-[[(4,4'-bipiperidin-l-yl)]caibonyl]-2,3,4,5-tBtrahydro-4-isopropyl-3-oxo-lH- 
l,4-benzodiazepine-2-acetic acid 

Using the procedure of Preparation 80, except substituting the compound of 
25 Example 25(b) for the compound of Preparation 8(i), gave tiie tifle compound. HPLC k' 
~ 4:27'(PRP;iTr5%'acrt6mttile/waterA).l% TFA); NMR (400 MHz, CD3OD) 5 7.12 
(d, J=1.9 Hz, IH), 7,08 (dd, J=8.3, 1.9 Hz, IH), 6.59 (d, J=83 Hz, IH), 5.29 (d, J=17.0 
Hz, IH), 5.17 (dd, J=8.9, 5.2 Hz, IH), 4.72-4.84 (m, IH), 4.10 (d, J=17.0 Hz, IH), 3.34- 
3.45 (m, 2H), 2.70-3.15 (m, 5H), 2.63 (dd, J=16.8, 5.2 Hz, IH), 1.92-2.05 (m, 2H), 1.69- 
30 1.88 (m, 2H). 1.35-1.54 (m. 4H), 1.16-1.31 (m. 2H), 1.20 (d, J=6.8 Hz, 3H), 1.03 (d, 
J=6.9 Hz. 3H): MS(ES) m/e 457.2 [M + H]+; Anal.(C25H36N404l.5 CF3C02H-1 J 
H2O) calcd: C, 51.37; H, 6.24; N. 8.56. found: C, 51.49; H. 6.39; N, 8.46. 

Examples 26-27 

35 . 

Prepanttionof(RV7-rf4.4^hipiperidin.VvlV;aihonvn.2 3.4.5-tetrahvdm.4-meth^ 
lH-1.4-hen7i>dia7.epine.2-acfitic adH- anH 



W095/1861!> 



PCT/US9S00248 



-46- 

(S)-7-rf4.4'-hinineririin-l -vncaThf>nvn.2.3.4.'>.rfttnihv dro-4-methvl-^.oxo- 1 H- 1 .4- 
benzod}a7itpinft.2.a«.iir ariil 

a) Ihe compound of Esample 8(j) was separated by chiral HPLC to give the following 
5 compounds: 

26(a). methyl (R)-7-([l'-(t-butoxycarbonylK4'-bipiperidin-l-yl]carbonyl]-2,3,4,5- 
tetrahydro-4-methyl-3-oxo-lH-l,4-benzodiazepine-2-acetate. [a]D +140 (c l.CHsOH); 
HPLC tR 12.9 min (Chiralcd OD, 21.2 x 250 mm, 10 mL/mm, methanol, UV detection 
at32Snm) 

10 27(b). methyl (S)-7-[[r.(t-butoxycarbonyl)-4,4'-bipiperidin-l-ylJcaibonyl]-2,3,4,5- 
tetrahydro-4-methyl-3-oxo-lH-l,4-ben2odiazepiiie-2-acetate. [a]D -142.5 (c l.CHaOH); 
HPLC tR 15.1 min (Chiialcd OD, 21.2 x 250 mm, 10 mUmin, methanol, UV detection 
at325nm). 

15 b) Using the procedure of Example 8(k), except substituting the compounds of Example 
26(a) and 27(a) for the compound of Example 8(j) gave the foUowing compounds: 

26(b). methyl (R)-7-((4,4'.bipiperidin-l-yl)carbonyl]-2,3,4,5-tetrahydro-4-methyl-3-oxo- 
lH-l,4-ben20diazepine-2-acetale. HPLC tR 14.3 min (Ultraspheie C18, 4.6 x 250 mm, 
1.5 mUmin, gradient, Aracetonitrile B: waler-0.1% TFA, 5-60% acetonitrile over 20 min, 
20 UV detection at 220 nm) 

27(b). methyl (S)-7-[(4,4'-bipiperidin-l-yI)carbonyl]-23,44-tetrahydio-4-methyl-3-oxo- 
lH-l,4-benzodiazepine-2-acetate. HPLC tR 14.61 min (Ultrasphere C18, 4.6 x 250mm, 
1.5 mUmin, gradient, Aracetonitrile B: water-0.1% TFA, 5-60% acetonitrile over 20 min, 
UV detection at 220 nm). 

25 

c) Using th6-procedurcofPi^aratirar8(j), except substituting the compounds of Example 
26(b) and 27(b) for the compound of Preparation 8(i) gave the foUowing compounds: 

26(c). (R)-7-[(4,4^bipiperidin-^yl)ca^bonyl^23.4,5-letrahydro4-methyl-3-oxo-lH-l, 
benzodiazepine-2-acetate: [a]D +92.4 (c 0.5,CH3OH); MS(ES) m/e 429 [M+H]+; 427 
30 [M-H]-; HPLC tR 12.7 min (Ultrasphere C18, 4.6 x 250 mm, 1.5 mUmin, gradient, 
Aracetonitrile B: water-0.1% TFA. 5-60% acetonitrile over 20 rain, UV detection at 220 
nm); Anal.(C23H32N4044.5 CF3CO2H.3.33 H2O) calcd: C, 37.44; H, 4.16; N, 5.29. 
found: C, 37.43; H, 3.81; N, 5.20. 

27(c). (S)-7-[(4,4"-bipiperidin-l-yl)cari)onyl]-2,3,4,5-tetrahydro-4-raethyl-3-oxo-lH- 1 ,4- 
35 ben20diazepine-2-acetate : [a]D -105.9 (c 0.6,CH3OH); MS(ES) m/e 429 [M+HJ+; 427 
[M-H]-; HPLC tR 12.6 min (Ultrasphere C18. 4.6 x 250 mm, 1.5 mUmin. gradient. 
A.-acetonitrile B: water-0. 1% TFA, 5-60% acetonitrile ovct 20 min, UV detection at 220 
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nm); Anal.{C23H32N404-3 CF3C02Ha.25 H2O) calcd: C, 43.92; H, 4.77; N, 7.06. 
found: C. 44.09; H. 5.00; N, 7.29. 

5 

Preparation of rSV7-r(44^bipiperidin-l-vncarbonvn-2.3AS-tetrahvdrQ^ 
lH-1.4-benzQdiazepine-2-acetic arid 

a) 4-flu6ro-3-methylbenzoic acid 

10 A solution of 4-fluoro-3-methylphenylmagnesium bromide in THF (1.0 M, 250 

mL, 250 mmol) was added in a stream over 5 min to a mixtuie of Dry Ice (10 g) in diy 
THF (250 mL), and the reaction was allowed to warm to RT and concentrated. The 
residue was partitioned between water (500 mL) and ether (250 mL), and the layers were 
separated. Ihe aqueous layer was washed with ether (2 x 250 mL) and acidified to pH 1 

15 with concentrated hydrochloric acid. The resulting mixture was cooled in an ice bath and 
filtered. The solid was washed with water and dried to afford the title compound (25.92 
g, 67%) as an off-white soUd: iH NMR (400 MHz, CDCI3) 5 7.90-8.02 (m. 2H), 7.09 (t, 
J=8.9 Hz, IH), 2.34 (d, J =1.7 Hz, 3H); ER (chloroform) 3400-2300 (broad), 1694 cm-1; 
MS(ES) m/e 155 [M+H]+; m/e 153 [M-H]-. 

20 

b) t-butyl 4-fluon)-3-methylbenzoate 

Isobutylene was bubbled into a suspension of the compound of Example 28(a) 
(3.08 g, 20 mmol) in anhydrous ether (15 mL) in a pressure botfle at -78T to give a 
reaction volume of 50 mL. Tiifluoromethanesulfonic acid (0.09 mL, 1 mmol) was added 

25 dropwise, and the vessel was tightly sealed and wanned to RT. After 4 h, the reaction 
was cooled and the vessel was opened. Aqueous 5% sodium bicarbonate was added, and 
the mixture was stirred in a wann water bath to remove the excess isobutylene. Ether 
was added and the layers were separated. The ether layer was washed with 5% sodium 
bicarbonate and widi brine, and dried (MgS04). Concentration gave the title compound 

3 0 (3.83 g, 91%) as a yellow oil which was used without further purification: TLC (toluene) 
Rf 0.73; IH NMR (250 MHz, CDCI3) 8 7.77-7.89 (m, 2H), 7.01 (t, J=8.9 Hz, IH), 2.30 
(d, J=1.8Hz,3H), 1.59(s,9H);IR(CCl4) 1715, 1369, 1296, 1258, 1167, 1124, 1117, 
1 105 cm-1; mS(ES) m/e 443 [2M+Na]+ 421 [2M+H]+, 21 1 [M+H]+, 155 [M+H-C4H8I+ 

35 c) t-butyl 4-fluoro-3-(methylaminomethyl)ben2oate 

A mixtuie of the compound of Example 28(b) (3.83 g, 18.22 mmol), N- 
bromosuccinimide (3.57 g, 20.24 mmol), benzoyl peroxide (0.22 g, 0.91 mmol), and 
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carbon tetrachloride (90 mL) was heated at reflux. After 16 h, the reaction was cooled in 
an ice bath, filtered, and the filtrate was concentrated. The residue was passed through a 
short pad of silica gel which was then washed with 20% ethyl acetate:hexane, and the 
filtrate was concentrated. The residue was dissolved in THF (90 mL). and 40% aqueous 
methylamine (7.9 mL, 91.1 mmol) was added rapidly. The reaction was stilted overnight 
and concentrated. The residue was diluted with ether and washed sequentially with 1.0 N 
sodium hydroxide, wato", and brine. The organic phase was dried (MgS04), 
concentrated, and the residue was chromatographed (silica gel, 10% methanol in 1:1 ethyl 
acetatexhloroform) to give the title compound (2.58 g, 59%) as a yellow oil: TLC Rf 0.49 
(silica gel, 10% methanol in 1:1 ethyl acetate/chloroform); NMR (250 MHz, CDQa) 
S 7.97 (dd, J=7.3, 2.3 Hz, IH), 7.90 (ddd. J=8.4. 5.2, 2.3 Hz, IH), 7.07 (app t. IH), 3.83 
(s, 2H), 2.46 (s, 3H), 1.59 (s, 9H); IR (CCI4) 1714, 1368, 1297, 1248, 1 164, 1106 cm'h 
MS(ES) m/e 240 [M+H]+ 184 [M+H-C4H81+. 



d) t-butyl (S)-4-fluoro-3-[[[4-methoxy-l,4-dioxo-2- 
[[ben2yloxycarbonyl]amino]butyl]methylaraino]methyl]benzoate 

Dicyclohexylcarbodiimide (453.9 mg. 2.2 mmol) was added to a solution of the 
compound of Example 28(c) (478.6 mg, 2 mmol), N-Cbz-L-aspartic acid p-methyl ester 
[J. Am Chem. Soc, 79, 5697 (1957); /. Am. Chenu Soc, 85, 2483 (1963)] 
(618.8 mg, 2.2 mmol), and l-hydroxybenzotriazole hydrate (297.3 mg. 2.2 mmol) in 
anhydrous dimethylformaraide (5 mL) at RT. After 24 h, the mixture was diluted with 
ether (25 mL) and filtered. The filtrate was concentrated, and the residue was diluted 
with ether (50 mL) and washed with water (2 x 10 mL) and brine (10 mL). Drying 
(MgS04), concentration, and chromatography (silica gel, 2:1 hexane:ethyl acetate) gave 
the title compound (0.87 g, 87%) as a colorless oil: TLC Rf 0.44 (silica gel, 2: 1 
hexane:ethyl acetate)7iH NMR"(25^^ CDCI3) mixture of amide rotamers; 5 7.75- 
8.00 (m, 2H), 7.15-7.45 (m. 5H), 7.00-7.15 (m, IH), 5.72-5.92 (m, IH), 4.91-5.25 (m, 
3H), 4.45-4.63 (m, 2H). 3.66 (s, 3H), 3.13 and 2.89 (2 x s, 3H), 2.58-2.94 (m. 2H), 1.56 
(s, 9H); IR (CCI4) 3415, 3260. 1736, 1716, 1652, 1497, 1368. 1296, 1252, 1207, 1 163, 
1 1 17, 1 109 cm-l; MS(ES) m/e 1027 [2M+Na]+, 1005 [2M + H]+, 503 [M+H]+, 447 
[M+H-C4H81+. 

e) t-butyl (S)-4.fluoro-3-[[[4-methoxy- 1 .4-dioxo-2- 
aminobutyl]methylaraino]methyl]benzoate 

A mixture of the compound of Example 28(d) (0.87 g, 1.73 mmol), 10% Pd/C 
(184 mg. 0.17 mmol), and methanol (17 mL) was shaken at RT under hydrogen (50 psi). 
After 1.5 h, the reaction was filtered through Celite® and concaitrated. Chromatography 



wo 95/18619 



PCT/DS9S/00248 



-49 



(sflica gd, 10% methanol in 1:1 ethyl acetatexhlorofonn) gave the title compound (579.8 
mg, 91%) as ai colorless oil: TLC Rf 0.50 (siUca gel, 10% methanol in 1:1 ethyl 
acetate:chlorofonn); ifl NMR (250 MHz, CDCI3) mixture of amide rotamere; 5 7.80-8.05 
(m, 2H). 7.02-7.18 (m, IH), 4.55-4.88 (m. 2H), 4.15-4.28 (m. IH), 3.71 and 3.70 (2 x s, 
5 3H). 3.1 1 and 2.95 (2 x s, 3H). 2.76 (dd. J=16.3, 5.4 Hz, IH). 2.48-2.67 (m. IH). 1.74 mi 
1.57 (2 X s, 9H): IR (CCI4) 3380. 1735, 1717, 1653. 1370. 1298, 1253. 1164. 1112 cm-l; 
MS(ES)ni/e369[M+H]+ 313[M+H-C4H8]+ . 

f) methyl (S)-(-)-2,3,4.5-tetrahydro-7-(t-butoxycarbcnyl)-4-methyl-3-oxo-lH-l,4- 
10 baizodiazq}ine-2-acetaie 

A sototion of the compound of Example 28(f) (416.1 mg. 1.13 mmol) and 2.6-di- 
t-butylpyridine (0.51 mL. 2.26 mmol) in anhydrous dimethyl sulfoxide (5.7 mL) was 
heated under argon in an oil bath at 120-125»C. After 17.5 h. the reaction was cooled in 
ice-water and dUuted with water. The mixture was extracted with ethyl acetate, and the 
combined ethyl acetate layers were washed with water and brine. Drying (MgS04), 
concentration, and chromatography (siUcagel, 3:2 ethyl acetate:hexane) gave the tide 
compound (221.8 mg, 56%) as anearly colorless solid: TLC Rf 0.41 (3:2 ethyl 
acetateflusxane); [a]D -202.7' (c I.O.CH3OH): ifl NMR (400 MHz. CDCis) 5 7.68 (dd, 
J=8.5, 1.8 Hz, IH). 7.59 (d. J=1.8 Hz, IH). 6.50 (d, J=8.5 Hz. IH), 5.44 (d, J=16.4 Hz. 
20 IH). 5.08-5.16 (m. IH). 434 (br d. J=4J Hz. IH). 3.76 (d. J=16.4 Hz. IH). 3.75 (s. 3H). 
3.08 (s3H). 3.00 (dd, J=16.0, 6.9 Hz, IH), 2.67 (dd, J=16.0. 6.3 Hz. IH). 157 (s. 9H); IR 
(chlorofom) 3560-3240 (br). 1731, 1695, 1663, 1610. 1369, 1302, 1252, 1171, 1146, 
1 134 cm-l; mS(ES) m/e 719 (2M+Na]+. 697 [2M+HI+. 349 [M+H]* 



15 



25 



g) methyl (S)-(-)-7-carboxy-2.3.4.5-tetrahydro^methyl-3-oxo-lH-1.4 -benzodiaze pine^2- 
-acetate : 



A solution of the compound of Example 28(f) (176.4 rag, 0.506 mmol) in 
anhydrous dichloromethane (2.5 mL) was cooled to OT and deoxygenated through three 
evacuation/argon flush cycles. TP A (2.5 mL) was added dropwise over 3 min. and the 

30 rcsultingsolutionwasstirredfor2h,dmingwhichtimethetemperatareroseto+15«'C. 
nie reaction was concentrated (20°Q and die residue was reconcenlrated from toluene 

(35°C) to remove any residual TFA and give the title compound. 

h) methyl (S)-(-)-7-tl-[r-(t-butoxycarbonylH.4-bipiperidinyI]caibonyl]-2,3.4.5- 
35 tetrahydro-4-methyl-3-oxo-lH-1.4-benzodiazepine-2-acetate 

The rompound of Example 28(g). 1-hydroxybenzotriazole hydrate (82 mg, 0.607 
mmol). and 4-(t-butoxycarbonyl).4,4'.bipiperidine (163 mg, 0.607 mmol) were dissolved 
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in anhydrous dimethylfonnamide (2.5 mL), and the solution was cooled to under 
argon. Diisopropylethylamine (0.18 mU 1.01 mmol) was added, followed by l-(3- 
dimethylaminopropyl>3-ethylcarbodiiniide hydrochloride (116 mg, 0.607 mmol). and the 
reaction was wanned to RT. After 21 h, the reaction was concentrated and the residue 
5 was partitioned between water and chloroform. The layers were separated and the 
aqueous layer was extracted with chloroform. Drying (MgS04), concentration, and 
chromatography (silica gel, 10% methanol in 1:1 ethyl acetatexhloroforra) gave the title 
compound (215.4 mg, 78%) as a yellow foam: TLC Rf 0.50 (10% methanol in 1: 1 ethyl 
acetatexhlorofonn); [a]D -140.2° (c 1.0,CH3OH); iR NMR (400 MHz, CDCI3) 5 7.08- 
10 7.15 (m, 2H), 6.52 (d, J=8.3 Hz, IH), 5.44 (dd. J= 16.4 Hz, IH), 5.06 (t, J=6.6 Hz, IH). 
3.90-4.80 (br m, 4H), 3.75 (s, 3H). 3.73 (d. J=16.4 Hz, IH). 3.08 (s, 3H), 2.99 (dd, 
J=15.8, 6.6 Hz, IH), 2.56-2.93 (m, 5H), 1.60-L83 (m, 4H). 1.46 (s, 9H). 1.08-1.42 (m, 
6H); IR (CCI4) 3290, 1735, 1689, 1669, 1610, 1436, 1426, 1365, 1286, 1173 cm-1; 
MS(ES) m/e 1085 (2M+H)+ 565 [M+Na]+ 543. [M+H]+ 502, 487 [M+H-C4H8I+. 

15 

i)(S)-(-)-7-[l-[r-(t-butoxycarbonyl)-4,4'-bipiperidinyl]-«arbonyl]-2,3,4,5-te^ 
methyl-3-oxo-lH-l,4-benzodiazepine-2-aceticacid 

Using the procedure of Bcample 270))-(c), the compound of Example 28(h) was 
converted to the title compound. 

20 

Example 29 

Preparation of fS)-7-rf4.4'-biDiDeridin^l>vncarbonvll-2.3,4 .5-tetr^^ 
lH-1.4-benzodia7fipine-2>acetic acid 

25 

a) 4-fluoro-3-cyanobenzoic add 

To a mixture of 2-fluoro-5-methylbenzonitiile (13.5 g, 0.1 mol), 
tetrabutylammonium bromide (L61 g, 5 mmol), and nithemum(III)chloride trihydrate 
(0.261 g, 1 mmol) in dichloromethane (150 mL) was added a solution of sodium 

3 0 hypochlorite (645 niL, 0.45 mol) which had been neutralized to pH 9 with 20% sulfuric 
acid. The reaction mixture was stirred and maintained at pH 9 by adding 20% sodium 
hydroxide solution at RT. After 3 h, the aqueous phase was separated and neutralized to 
pH 2 with 20% sulfuric acid and the solid which formed was filteied to give the title 
compound (3.4 g, 20%). mp 177-8T. Ifl NMR (CDCI3) 5 7.35 (t, J=8.70 Hz, IH), 8.38 

35 (m, lH),8.42(m,lH). 
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b) t-butyl 4-fluoro-3-cyanobenzoate 

To a stined solution of the compound of Example 29(a)(100 mg, 0.6 mmol) in 
toluene (20 niL) at SOT was added a solution of N,N-diraethylfoimamide di-t-butyl 
acetal (1 mL, 4 mmol) in toluene (2 mL) over 10 rain. The reaction mixture was healed 
5 for 1 h. cooled, washed with saturated sodium bicarbonate, dried (MgS04), and 
concentrated to give the tide compound (70 mg, 52%). MS(ES) m/e 222 IM+H]+ iH 
NMR (CDQa) 8 1.60 (9H. s). 7.29 (t. J=8.62 Hz. IH) 8.25 (m, IH). 8.28 (m, IH). 

c) N-[[2-cyano-4-t-butoxycarbonyl]phenyl]-L-aspartic acid P-methyl ester 

10 A mixture of the compotmd of Example 29(b) (6 g, 27 mmol). L-aspartic acid p- 

methyl ester hydrochloride (6.1 g, 33 mmol), and sodium bicarbonate (8.37 g, 100 mmol) 
in water (20 mL) and dimethyl sulfoxide (80 mL) was heated at 72'C for 24 h. Hie 
reaction mixture was diluted with ice cold dilute hydrochloric acid and extracted with 
ethyl acetate. The combined organic phase was extracted with cold saturated aqueous 

15 sodium bicarbonate. The basic extracts were combined, acidified to pH 2 with cold dUute 
hydrochloric acid, and extracted with ethyl acetate. Hie combined organic extract was 
dried (MgS04), and concentrated to give the title compound (7.1 g. 75%). MS(ES) m/e 
349 [M+H]+; iR NMR (CDCI3) 8 1.57 (s. 9H). 3.01 (m. 2H). 3.75 (s. IH). 4.64 (ra, IH), 
5.77 (d. J=8.49 Hz. IH), 6.71 (d. J=8.93 Hz. IH). 8.02 (dd, J=8.93. 1.85 Hz. IH). 8.08 (d. 

20 J=1.89Hz. IH). 

d) N-[[2.fonnyl-4-t-butoxycarbonyl]phenyl]-L-aspartic acid P-methyl ester 

Hie compound of Example 29(c) (7.0 g, 20 mmol) was dissolved in acetic acid 
(65 mL) and placed in a hydrogenaiion bottle. After cooling, wet Raney® nickel (14 g), 
25 water (65 mL) and pyridine (65 mL) were added. The lesnlting mixture was purged of 
oxygen-with-aigon-for-0.5-h, and shakeihin a hydrogen atmosphBre-(50^^ 
h. The mixture was degassed, filtered and the filtrate was azeotroped with toluene at 50''C 
under high vacuum. The residual oil was taken up in ethyl acetate (300 mL) and washed 
with cold dilute hydrochoric add. dried (MgS04), and concentrated to give the tiUe 
compound as light orange amorphous solid (5.9 g. 84%). MS(ES) ra/e 352 [M+H]+- IR 
NMR (CDCI3) 8 1.59 (s. 9H). 3.00 (m. 2H), 3.74 (s. IH). 4.77 (m, IH). 6.73 (d, J=8.88 
Hz. IH). 8.03 (d. J=8.85 Hz. IH). 8.20 (d. J=2.12 Hz. IH). 9.20 (d. J=8.31 Hz. IH) 9 88 
(s. IH). 
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e) N-[[2-(N-methyl)arainomethyl-4-t-butoxycart)ony acid P-raethyl 
ester 

A solution of the compound of Example 29(d) (5.9 g, 16.7 mmol) in ethyl acetate 
(100 mL) in a hydrogenation bottle was purged of oxygen with argon for 0.5 h. Platinum 
5 oxide (0.6 g), anhydrous MgS04 (5.9 g. 49 raraol), and a solution of methylamine (3.2M 
in methanol, 150 raL, 480 mmol) were added. The resulting mixture was shaken in a 
hydrogen atmosphere (50 psi) for 5 h and let stand for 18 h at RT. After addition of 
acetic acid (75 mL) with cooling, the mixture was again shaken in a hydrogen atmosphere 
(50 psi) for 2 h, and filtered. TTie filtrate was concentrated and azeotroped with toluene 

10 and the residue was desalted through an XAD-2 (350 g) column eluted with water (1.5 L) 
followed by a 50% acetonitrile:water. Two fractions (300 mL) were collected, 
concentrated and the residue was freeze-dried to give an off-white powder. The powder 
was dissolved in dichloromethane (200 mL), concentrated and the residue was azeotroped 
with toluene, and dried to give the title dompound (5,2 g. 85%). MS(ES) m/e 367 

15 {M+H]+ 

f) methyl (S)-7-(t-butoxycarbonyl)-2,3,4,5-tetrahydro-3-oxo-4-methyl-lH-l,4- 
benzodiazepine-2-acetate 

To a solution of the compound of Example 29(e) (5.2 g, 14.2 mmol) and 
20 triethylamine (2,0 mL, 14.4 mmol) in dichloromethane (250 mL) at RT und^ an argon 
atmosphere was added benzotria2ol-l-yloxy-tris(diracthylamino)phosphonium 
hexafluorophosphate (6.5 g, 14.7 mmol). The reaction mixture was stirred overnight at 
RT, and washed with an ice-cold solution of dilute hydrochoric acid, water, 5% sodium 
bicarbonate, saturated brine, and then dried (MgS04). ITie solution was filtered, 
25 concentrated and the residue was chromatographed (siUca gel, 40% ethyl acetate:hexane)_ 
to-give the-tiUe compound"(i:iir22%). MS(ES) m/e 349.2 [M+H]+; iR NMR (CDCI3) 8 
1.57 (s, 9H), 2.67 (dd, J=15.93, 6.30 Hz, 2H), 3.00 (dd, J=15.93, 6.77 Hz, 2H), 3.08 (s, 
3H), 3.75 (5. IH), 3.76 (d, J=16.44 Hz, IH) 4.51 (d, J=4.61, IH), 5.11 (m, IH) 5.45 (d, J= 
16.44 Hz, IH), 6.50 (d, J=8.44 Hz, IH), 7.55 (d, J=1.88 Hz, IH). 8.20 (dd, J=8.48, 1.88 
30 Hz, IH); [a]D -225.r (c 1,CH30H). 

g) methyl (S)-7-carboxy-2,3,4.5-tetrahydro-3-oxo-4-methyl.lH-l,4-benzodiazepine-2- 
acetate 

To a solution of the compound of Example 29(f) (160 mg, 0.46 mmol) in 
35 dichloromethane (5 raL) was added 4M hydrogen chloride:dioxane (5 mL, 20 raraol) at 
RT under argon. The reaction mixture was stirred for 18 h. The suspension was 
concentrated to give the title compound as an off-white solid. 
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h) methyl (S)-7-[(4-t-butoxycarbonyl-4'-bipiperidin)-l.ylcarbony 
methyl-3-oxo-lH-l,4-benzodiazepine-2-acetate 

TTie compound of Example 29(g), l-hydroxybenzotiiazole (75 mg, 0,55 mmol), 
5 and 4-t-butoxycarbonyl-4'-bipiperidine were dissolved in anhydrous dimethylformaraide 
(2.5 mL). Diisopropylethylamine (0.16 raL, 0.92 mmol) was added, followed by 1- 
(dimethylaminopropyl)-3-ethylcarbodiiraide hydrochloride (105 mg, 0.55 mmol), and the 
reaction mixture was stirred overnight at RT under argon. The reaction mixture was 
partitioned between ice water (50 mL) and ethyl acetate (30 raL). The layers were 

10 separated and the aqueous phase was extracted with ethyl acetate (2x30 mL). The 
combined organic extract was dried (MgS04)» concentrated and the residue was 
chromatographed (silica gel, 2% methanohdichloromethane) to give the title compound 
(162 mg, 59%). MS(ES) m/e 599.0 IM+H]+; ifl NMR (CDCI3) S 1.45 (s, 9H), 1.20 (m, 
6H), 1.70 (m, 4H). 2.66 (dd, J=16.08, 6.04 Hz, 2H), 2.81 (br s, 4H), 2.98 (dd, J=16.08, 

15 7.31 Hz, 2H), 3.06 (s, 3H), 3.71 (d, J=16.44 Hz, IH), 3.73 (s, IH), 3.76 (d, J=16.44 Hz, 
IH) 4.13 (br s, 4H), 5.07 (m, IH) 5.45 (d, J= 16.44 Hz, IH), 6.52 (d. J=8.51 Hz, IH). 
7,09 (m, 2H); [aJo -139.3'* (c 1,CH30H). 

i) (S)-741-[r<t-butoxycarbonyl)-4,4*-bipiperidinyl]carbonyl]-2,3A5-tetra^ 

2 0 methyl-3-oxo-lH-l,4-benzodiazepine-2-acetic add 

Using the procedure of Example 27(b-c), the compound of Example 29(h) was 
converted to the title compound. 

Pxqmpte30 

25 

PrCTaratforofr>smr4:4':bimnmdin^ 

lH-1.4-benzodiazBDine-2-acetic add 

a)(S)-7-[[r.(t-butoxycarbonyl)-4,4*-bipiperidin-l-yl]carbonyl]-2,3,4>tet^ 
30 methyl-3-oxo-lH-l,4-benzodiazepine-2-acetic acid 

The compound of Example 27(a) (2.85 g, 5.3 mmol) was taken up in 1:1 
methanolrTHF (30 mL), purged with argon, cooled and treated with IN sodium 
hydroxide (6.3 mL, 6.3 mmol). The resulting solution was stirred at RT for 16 h under 
argon. The solution was concentrated, diluted with water (10 mL), and adjusted to pH 5 

3 5 with IM acetic acid (Utmus paper). The solution was filtered and the soUd was dried in 

vflcw to give title compound (2.46 g. 87%). 
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b)(S)-7-[[4.4'-bipiperidin]-l-ylcaitonyl]-2,3,4.5-tetrahydro^^^ 
benzodiazepine-2-acetic acid 

Tbt compound of Example 30(a) (1 .46 g, 2.77 mmol) was treated with 4M 
hydrogen chloride in dioxane (30 mL) for 1 h under argon. The solution was 
5 concwitrated and the residue was taken up in water and adjusted to pH 9 (litmus paper) 
with concentrated ammonium hydroxide and the resulting solution was loaded onto an 
XAD-2 column (3 x 7.5 cm). The column was eluted with water followed by 50% 
acetonitiile:water. Fractions containing the product were combined and lyophilized to 
give the title compound (910 mg, 77%) which was recrystallized from aqueous acetone. 
10 mp (shrinking 193) 218-220T; NMR (400 MHz, DMS0d6) 5 1.0-3.9 (m. 26H), 6.5- 
8.5 (m, 5H); MS (ES) m/e 429.2 [M+H]+; HPLC k' 5.37 (VyDac CIS, 4.5 x 250 mm, 
gradient, A:acetonitrile B:water-0.1% TFA, 5%-60% acetonitrile in 20 min, UV detection 
at 220 nm); [a]D -180.3° (c 1, MeOH); Anal. (C23H32N404-2.33 H2O) calcd: C, 58.71; 
H, 7.81; N, 1 L91. found: C, 58.67; H, 7.79; N, 1 1.80. 

15 

PrgPiTOtiQnofm,SV7-f(4.4^bipiperidin-l-vlkarbQnv11.^ 
0X0-lH-L4-hen70dia7i^.Dine-2-acetic acid 
20 Using the procedure of Example 30, except substituting the compound of 

Example 8(j) for the compound of Example 27(a), gave the title compound as a 
ciystalline solid, mp (shrinking 193°C) 219-220**C; MS(ES) m/e 429 tM+H]+; HPLC k' 
6.5 (Ultrasphere ODS, 4.5x250 mm, gradient, A:acetonitrile B:water-0.1% trifluroracetic 
acid, 5-60% acetonitrile durings 20 min, UV detection at 220 nm). 



Prwaration of Sodium (R.$)-7-r(4.4'-bimneridin-1-vncarhnnvn.2 <t a S - tetra^ 
metfavl-3-OXO-lH-L4-benzodiazepine-2-ace^^e 

The compound of Example 31 (10 mg, 0.023 mmol) was taken up in water (1 mL) 
and IM sodium hydroxide (0.024 mL, 0.024 mmol) was added. The resulting solution 
was lyophilized and the powder was crystallized from aqueous acetone to give the title 
compound as a aystalline solid (2 mg). mp 220-223^*0 [shrinking 204T]. 



Example 33-34 

a) The compound of Example 1(a) was separated by chiral HPLC to give the 
following compounds: 



W095/186i9 



PCT/US95y00248 



-55- 

33(a). methyl (R)-8-[[[2-[N-(benzyloxycaitonyl)-4-piperidinyl]ethyl]ra^^^ 
carbonyl]-23»4,5-tetrahydro-4-methyl-3-ox<>-lH-l,4-benzoc^ 
HPLC tR 30.4 min (Chiralpak AS, 4.6 x 250 ram. 8 mL/rain, 1:1 hexane:ethanol-0.5% 
diethylamine, UV detection at 325 nra); HPLC tR 25.8 min (Ultraspherc C18, 4.6 x 250 
5 mm, gradient, A: acetonitrile B: water-0. 1 % TFA, 5-60% acetonitiile over 20 min, UV 
detection at 220 nm) 

34(a) methyl (S)-8-[[[2-[N-(benzyloxycarbonyl)-4-piperidinyl]ethyl]methylamino] 
carbonyl]-2,3,4,5-tetrahydro-4-methyl-3-oxo- lH-1 ,4-benzodiazepine-2-acetate: 
HPLC tR 22.1 min (Chiralpak AS, 21.2 x 250 mm, 8 mL/min, 1:1 hexane:ethanol-O.S% 
10 diethylamine, UV detection at 254 nm); HPLC tR 25.9 min (Ultraspherc CI 8, 4.6 x 250 
nrni, gradient. A: acetonitrile B: waier-0.1% TFA, 5-60% acetonitrile over 20 min, UV 
detection at 325 nm). 

b) The compounds of Examples 33(a) and 34(a) (100 mg) were separately dissolved 
15 in methanol (15 raL) containing acetic acid (20 drops) were treated with 10% Pd/C (50 
mg) and shaken in a hydrogen atmosphere for 5 h. The mixture was filtered through 
Celite®and concentrated to give the following compounds: 
33(b). methyl (R)-2,3,4,5-tetrahydro-4-methyl-3-oxo-8-[[[2-(4- 
piperidinyl)ethyl]meth:^amino]carbonyl]-lH-l,4-benzodiazepm^^ HPLC tR 

20 15.6 min (Ultraspherc C18, 4.6 x 250 mm, gradient, A: acetonitrile B: water-0.1% TFA, 
5-60% acetonitrile over 20 min, UV detection at 220 nm) 
34(b). methyl (S)-23,4,5-tetrahydro-4-methyl-3-oxo-8-[[[2-(4- 
piperidinyl)ethyl]methylaraino]carbonyl]-lH-l,4-benzodiazepine-2-acetate. HPLC tR 
15.5 min (Ultraspherc C18. 4.6 x 250 mm, gradient. A: acetonitrile B: water-0.1% TFA, 
25 5-60% acetonitiile over 20 rain, UV detection at 220 nm). 



c) Using the procedurc of Example 1(c), except sub-stituting the compound of 
Examples 33(b) and 34(b) for the compound of Example 1(b) yielded the following 
compounds: 

30 33(c). (R)-2,3,4,5-tetrahydro-4-methyl-3-oxo-8-[[[2-(4.piperidinyl)ethyl] 

methylamino]carbonyl]-lH-l,4-benzodiazepine-2-acetic acid: ^H NMR (DMS0-d6) S 
6.4-8.6 (m, 5H), 5.0-5.6 (ra, 2H), 1,0-3.9 (ra, 22H); [a]D +82.3 (c 0.3, CH3OH); MS(ES) 
m/e 403 [M+H]+ [M-H]" 401; HPLC 5.0 HPLC tR 15.6 min (Ultraspherc C18. 4.6 x 
250 ram, gradient, A: acetonitiile B: water-0.1% TFA, 5-60% acetonitrile over 20 min, 

35 UV detection at 220 nm); Anal.(C2lH30N4O4'2.25 C2HF302-2.75 H2O) calcd: C, 
50.44; H, 5.78; N, 9.94. found: C, 50.42; H, 5.89; N, 10.17 
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34(c). (S)-23,4^-tetrahydro-4-me%l-3-oxo-8-I[[2-(4-piperi(Bnyl)ethyl]m 
carbonyl]-lH-l,4-benzodiazepine-2-acetic acid: NMR (DMS0-d6) 5 6.4-8.6 (m, 5H), 
5.0-5.6 (m, 2H), 1.0-3.9 (m, 22H); (a]D -1 10 (c 0.45, CH3OH); MS(ES) ra/e 403 
[M+H]+ [M-H]- 401; HPLC k' 5.0 HPLC tR 15.6 min (Ultraspherc CIS. 4.6 x 250 mm, 
5 gradient. A: acetonitrile B: water-0.1% TFA, 5-60% acetonitrile over 20 min, UV 

detection at 220 nm); Anal.(C2lH3oN404 l.5 C2HF3O2 I.25 H2O) caicd: C. 43.22; H. 
5.37; N, 7.91. found: C. 43.10; H, 5.17; N. 8.11. 

Examp1ft3S 

10 

Preparation QffS)-2.3.4.5-tetrahvdro-4-mfihvl-3-nxiv«jrra.r4-pp^P 
Cthvl1methvlaminolcarhonvll-1H.l ■4-hen7ndia7i^pinft .2-acetic acid 

a)t-butyl(S)-4-[N-(t-butoxycarbonyl)-(methylamii»o)-methyl]-3-[2-(1.4-dimethoxy-l,4- 
15 dioxo-2-butyl)amino]benzoate 

A solution of t-butyl 3-amino-4-[N-(t-butoxycarbonyl)-N-(methyl)- 
aminomethyl]baizoate (10.4 g, 0.03 mol) in dichloromethane (75 mL) was treated with a 
solution of dimetiiyl (R>2-(trifluoromethylsulfonyloxy)-succinate (LigW5ji4m Chem, 
314-333 (1986)] (8.8 g, 0.03 mol) and 2,6-di-t-butylpyridine (6 g, 0.03 mol) in 
20 dichloromethane (10 mL) and the mixture was stirred for4 d. The mixture was washed 
with dilute hydrochoric acid, and the organic phase was washed with aqueous sodium 
carbonate, dried (MgS04) and concentrated, llie residue was chix)matographed (silica 
gel, 10% ethyl acetaterhexane) and concentrated to give the tiUe compound (73%). 

25 b) t-butyl (S)-4-(methylamino)methyl-3-[2-(l,4-dimethoxy-l,4-dioxo-2- 

buiyl)amino]baizoate 

A solution of the compound of Example 35(a) (13 g, 0.027 mol) in 
dichloromethane (25 mL) was treated with 4M hydrogen chloiide in dioxane (60 mL), 
stiircd for 45 min, and washed with 5% sodium caihonate. TTie organic phase was dried 
3 0 (MgS04) and concentrated to give the tide compound (6.5 g). 

c) methyl (S)-8-(t-butoxycarbonyl)-23.4,5-tetrahydro-4-methyl-3-oxo-lH-l,4- 
benzodiazq)ine-2-acetate 

A solution of the compound of Example 35(b) (6.5 g, 0.015 mol) in xylene (100 
35 mL) was heated to 130"'C for 14.5 h, cooled, and concentrated. The lesidne was stirred 
with ethCT, filteted, and concentrated. Tlie residue was chromatographed (silica gel, 0.5- 
0.75% methanol: dichloromethane) and fractions contaimng product were pooled. 



wo 95/18619 



PCTAJS9SA)0248 



-57- 

concentrated, diluted with ether and stored in the cold for 3 days. TTie mixture was 
filtered and the filtrate was concentrated to give die title compound (2.7 g, 52%). 

d) methyl (S)-8-carboxy.2,3.4,5-tetrahydro-4-meUiyl-3-oxo-lH-l,4-benzodia2epine-2- 
s acetate hydnxjhloride 

Hie compound of Example 35(c) (2.8 g) in dichloromethane (10 mL) was treated 
with 4M hydrogen chloride in dioxane (25 mL) and stirred for 1 6 h. The mixture was 
concentrated to give the title compound. 



10 e) metiiyl (S)-2,3.4>tetrahydro-4-methyl-3-oxo-8-[[[2-IN-trifluoroacetyl-4- 
piperidinyl]ethyl]methylaminolcarbonyl]-lH-l,4-benzodia2epine-2-acetate 

nie compound of Example 35(d)(310 mg, 1.1 mmol) and diis(q)ropylethylamine 
(285 mg, 2.2 mmol) in dimethylformamide (2.5 mL) was added to a mixture of N- 
methyl-2-(N-trifluoroacetyl-4-piperidinyl)ethylamine hydrochloride (300 mg, 1.1 mmol), 

15 diisopropylethylamine (140 mg, 1.1 mmol), and 1-hydroxybenzotriazole hydrate (150 
mg, 1.1 mmol) in dimethylformamide (2.5 mL) followed by l-(3-dunethylaminopropyl)- 
3-ethylcaibodiimide hydrochloride (220 mg, 1.1 mmol). Hie mixture was stirred for 16 
h, concoitrated and the residue was triturated with ethyl acetate and water. The 
combined organic phase was washed with brine, dried (MgS04) and concentrated. Tlie 

20 residue was chromatographed (silica gel, OJ-1.5% methanolrdichloromethane) and 
fractions containing the product were combined and concentrated to give the title 
compound (260 mg, 51%). [a]D -75.6 (c 1,CH30H); MS(ES) m/e 513 [M+H]+; 557 
IM+HCO2-]-; HPLC tR 8.22 min (WHELK-0, 4.6 x 25 mm, 1 mL min, 10% 
methanolnvater, UV detection at 220 nM); Anal. (C24H31F3N4O5 I.5 H2O) calcd: C, 

25 53.33; H, 6.34; N, 10.36 found: C, 5339, H. 6.23; N, 9.98. 



f) (S).23,4,5-tetrahydro-4-nieihyl-3-oxo-8-[[[2-[4- 

piperidinyl]ethyflmethylamino]cari)onyl]-lH-l,4-benzodiazepine-2-aceticacid 
Tie compound of Example 35(e) vras stirred with sodium hydroxide in 
3 0 methanol/water to give the title compound. 

Preparation of methvl rSV7-t.hiitnTVft9rhnnvl.?.^ 4 S .tetrahvdm-^-nTn-?.(?. 
35 PhenvlethvlVlH-2-hen7.a7fininft-4-a«>tiifA 



wo 95/18619 



PCTAJS9S/00248 



-58- 

a) methyl 5-(t-butoxycarbonyl)-2-[N-(butoxycarbonyl)-N-(2- 
^phenylethyl)aminomethyl]cmnamate 

To a stirred solution of the compound of Preparation 8(d) (4.9 g, 10 mmol) in dry 
acetonitrile (15 mL) was added methyl acrylate (3 mL, 40 mmol), diisopropylethylaraine 
5 (3.5 mL, 20 mmol), tri-o-tolylphoshine (304 rag, 1 mmol) and palladium acetate (1 12 mg, 
0.5 mmol). The reaction was repeatedly evacuated and flushed with argon and then 
heated to 80T. After 1 h, an additional amount of tri-o-tolylphoshine (304 rag, 1 mmol) 
and palladium acetate (1 12 mg, 0.5 mmol) was added and the reaction was stirred for 2 h. 
The reaction was flien cooled to RT, concentrated, suspended with eth^ (100 mL) and 

10 petroleum ether (50 mL), filtered free of insoluble materials and concentrated. The 
residual oil was purified by fla^ chromatography (silica gel, 15% ethyl acetate:hexane) 
to give the tide compound (4.91 g, 99%). iR NMR (CDCI3, 400 MH2)(mixture of amide 
rotoraers) 5 1.42 and 1.49 (9H, 2 br s), 1.60 (9H, s), 2.74 and 2.84 (2H, 2 br s), 3.28 and 
3.42 (2H, 2 br s), 3.82 (3H, s), 4.47 and 4.57 (2H, 2 br s), 6.43 (IH, d, J=14.8 Hz), 7.05- 

15 7.30 (6H, m), 7.82-7.92 (IH, m), 7.97 (IH, dd). 8.15 (IH. d, J=1.4 Hz). 

b) methyl 5-(t-butoxycarbonyl)-2-[N-(butoxycarbonyl)-N-(2- 
phenylethyl)aminomethyl]phenylpropionate 

The compound of Example 36(a) (4.91 g, 9.9 mmol) was hydrogenated at 55 psi 
20 H2 over 10% Pd/C (2.5 g) in methanol (100 mL) for 7 h. After filtration through a pad of 
Celite® and concentration, the remaining oil was purified by flash chromatogn^hy (silica 
gel, 15% ethyl acetate:hexane) to give title compound as a clear oil (4.48 g, 91%). ^H 
NMR (CDCI3, 400 MHz)(mixture of amide rotomers) 8 1.42 and 1.49 (9H, 2 br s), 1.60 
(9H, s), 2.58 (2H, t), 2.77 and 2.82 (2H, 2 br s), 2.92 (2H, br s), 3.31 and 3.42 (2H, 2 br 
25 s), 3.70 (3H, s). 4.38 and 4.47 (2H, 2 br s), 7.07-7.31 (6H, m), 7.78 (IH, s), 7,81 (IH, dd). 



c) 5-(t-butoxycarbonyl)-2-[N-(butoxycarbonyl)-N-(2- 
phenylethyl)aminomethyl]phenylpropionic add 

The compound of Example 36(b) (4.48 g, 9 mmol) was treated with IN sodium 
30 hydroxide (10 mL) in dioxane (50 mL) for 16 h at RT. After acidification with IN 
hydrochloric acid (10 mL), the reaction was extracted with etiiyl acetate (2x100 mL), 
washed with brine, dried (MgS04), filtered and concentrated to give the tide compound 
as a white solid (4.12 g, 95%). TLC Rf 0.5 (silica gel, 95:4:1, chloroform:metiianol:acetic 
acid). 
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d) 5-(t-butoxycarbonyl)-2-[N-(butoxycarbonyl)-N-(2- 
phenylethyl)aminomethyl]phenylpropionyl fluoride 

To a stirred solution of the compound of Example 36(c) (4.12 g, 8.5 ramol) under 
argon in dry dichloromethane (25 raL) was added pyridine (0.73 mL, 9 nunol) foUowed 
5 by cyanuric fluoride (0.56 mL, 6.1 nmiol). After stirring for 2 h, the reaction became a 
thick suspension. The reaction was then concentrated, taken up in ether (100 mL) and 
filtered through a pad of Celite to remove insoluble materials. The filtrate was washed 
with cold water, dried (MgS04), filtered and concentrated to give the title compound as a 
clear oil (4.21 g, 96%). 

10 

e) 4(R)-benzyl-3-[3-[5-(t-butoxycarbonyl)-2-[N-(t-butoxycarbonyO^^ 
phenylethyl)aminomethyl]phenyl]propionyl]-2-oxazolidinone 

To a stirred solution of (R)-4-benzyl-2-oxazolidinone (1.8 g, 10 mmol) in dry 
THF (25 mL) at -78T under argon was added via syringe, dropwise, a solution of 2.5N 

15 n-butyllithium in hexane (3.8 raL). After stirring for 15 min, a solution of the above the 
compound of Example 36(d) (4.21 g, 8.5 mmol) in THF (10 mL) was added dropwise 
over 5 min. The reaction was stirred for 1 h at -78°C and quenched with saturated 
aqueous ammonium chloride (50 mL). The reaction was allowed to warm to RT. 
extracted with ethyl acetate, dried (MgS04), filtered and concentrated. The residue was 

2 0 purified by flash chromatogn^hy (silica gel, 25% ethyl acetate:hexane) to give the title 
compound as a white solid (5.13 g, 89%). iR NMR (CDCl3,400 MHz)(mixture of amide 
rotomers) 8 1.42 and 1.49 (9H, 2 br s), 1.59 (9H, s), 2.75 (IH, dd), 2.78 (IH, ra). 2.87 
(IH, m), 3.01 (2H, m), 3.18 (IH, m), 3.23 (IH. dd), 3.31 (IH, dd), 3.33 (IH, ra), 3.44 
(IH, m). 4.18 (2H, m), 4.46 and 4.55 (2H. 2 br s), 4.67 (IH, m), 7.16 (6H, m), 7,29 (5H, 

25 m), 7.81 (lH,d), 7.82 (lH,s). 



04(R)-benqrl-3-[3-[5-(t-butoxycarbonyl)-2-[N-(t-butoxycari)onyl)-N-(2- 

phOTylethyl)aminomethyl]phenyl]-2(S)-(methoxycarbonylmethyl)propionyy^^^ 

oxazolidmone 

30 To a stirred solution of the compound of Example 36(e) (5.13 g, 8 mmol) in dry 

THF (75 mL) with stirring at -WC under argon was added dropwise via syringe a 
solution of IN lithium hexamethyldisilazane in THF (8.2 raL). After stirring for 15 min, 
methyl bromoacetate (3.75 raL, 40 mraol) was added in one portion. The reaction was 
allowed to warm to -28T and stirred for an additional 2 h, quenched with saturated 

3 5 aqueous ammonium chloride, extracted with ethyl acetate, washed with brine, dried 
^gS04), filtered and concentrated. The residue was purified by column 
chromatography (silica gel, 20% ethyl acetaterhexane) to give the tide compound as a 
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white solid (3.00 g, 53%). HPLC k' 2.9, minor diastereoraer k' 6.4, d.e.88% (Ultrasphere, 
4.6x250 mm, 1.5 mL/min, 20% ethyl acetate:hexane, UV detection at 254 nm); NMR 
(CDCI3, 400 MHz) 5 1.40 and 1.47 (9H, 2 br s), 1.52 (9H, s), 2.44 and 2.52 (IH, br s and 
br d). 2.70 (IH, dd), 2.80 (2H, m), 2.88 (2H, m), 3.00 (IH, dd), 3.31 (IH, dd), 3.39 (2H, 
5 m), 3.67 (3H, s), 3.79 (IH, t), 4.00 (IH, d), 4.30 and 4.38 (IH, br s and br d), 4.55 (3H, 
m), 7.10-7.35 (IIH, m), 7.72 (IH, s). 7.79 (IH, dd). 

g) (S)-3-[5-(t-butoxycart)onyI)-2-[N-(t-butoxycarbonyl)-N-(2- 
phenylethyl)aminomethyl]phenyl]-2-(methoxycarbonylmethyl)-propionicacid 

10 hydrochloride 

To a stirred solution of the compound of l^ample 36(f) (1.47 g» 2 mmol) in (3:1) 
THFrwater (16 mL) at 0 T was added dropwise a solution of lithium hydroperoxide 
made from 30% hydrogen peroxide (0.7 mL) and lithium hydroxide hydrate (90 mg, 2.1 
mmol) in water (2.1 mL), After stirring for 1 h at OT, excess peroxide was destroyed 
15 with a solution of sodium sulfite (1.28 g) in water (6.2 mL) dropwise with cooling. The 
reaction was then acidified with 3N hydrochloric acid and extracted with 
dichloromethane (2x50 mL), dried (MgS04), filtered and concentrated. 

h) (S)-3-[5-(t-butoxycarbonyI)-2-[N-(t-butoxycarbonyl)-N-(2- 

20 phenylethyl)aminomethyl]phenyl]-2-(methoxycaibonyhnethyl)-pr6pionic acid 
hydrochloride 

The compound of Example 36(g) was treated with a solution of 4N hydrogen 
chloride in dioxane (15 mL) with stirring for 10 rain at RT and concentrated without 
heating. The residue was taken up in ethyl acetate and concentrated to remove excess 

25 hydrogen chloride and crystallized from ethyl acetate:ether to give the title compound 

(0:75-g^76%)-asa-wWte-soUd^lH^»lR-(d4-Me^^ 

dd). 181 (IH. dd), 2.98-3.18 (5H, m), 3.42 (2H. m). 3.68 (3H, s). 4.40 (IH. d. J=13.6 
Hz). 4.51 (IH, d, J=13.6 Hz), 732 (5H. m). 7.58 (la d, J=8.0 Hz), 7.90 (IH. dd). 7.95 
(lH,d.J=1.4Hz). 

30 

i) methyl (S)-7-(t-butoxycait)onyl)-2,3,44-tetrahydn)-3-oxo-2-(2-phenylethyl)-lH-2- 
benza2epine-4-acetate 

To a stirred solution of the compound of Example 36(h) (0.35 g, 0.71 mmol) in 
dry NJ^-dimethylfomiamide (20 mL) at OT in a Dewer flask was added triethylamine 
3 5 (200 mL. 1.42 mmol), sodium bicarbonate (300 mg. 3.57 mmol). and diphenylphosphoryl 
azide (250 mL. 1.2 mmol). After stirring at 0 T for 24 h, the reaction was concentrated, 
taken up in ethyl acetate (100 mL). washed with water, brine, dried (MgS04), filtered and 
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concoitrated. The residue was purified by chromatography (silica gel, 35% ethyl 
acetale:hexane) to give the titte compound as a sticky white foam (243 mg, 78%). HPLC 
k' 2.13, k' 1.28(enantiomer) >99.5% opticaUy pure (Chiralpak AS. 0.46x250mm. 1 
mL/min, 20% EtOHm-hexane, UV detection at 254 ran); [o]d -71.2 (c 1.4, MeOH); 
5 NMR (CDCI3, 400 MHz) 5 1.60 (9H. s), 2.42 (IH. dd), 2.74 (2H, t), 2.89 (IH, dd), 3.02 
(2H, m), 3.60 (IH, m), 3.72 (3H. s), 3.81 (IH, d, J=16.7 Hz), 3.81 (IH. m). 5.20 (IH, d. 
J=16.7 Hz). 7.00-7.23 (6H, m), 7.69 (IH, s), 7.71 (IH, d). 

Example 37 

10 

PreDaiaaonoffll.SV8-rrr4.4Vhipiperidin-l-vnicarhonvn- 2J.4.5-tetrahvdr^^^ 
0X0-1 H-2-hRn7a7«Dine-4-acelic acid 

a) methyl (R,S)-8-carboxy-2A4.5-tetrahydro-2-methyl-3-oxo-lH-2-b«izazepine-4- 
15 acetate 

Using the procedure of Preparation 8(a)-(g), except substituting 4-bit)mo-3- 
metiiylbenzoic acid for 3-bromo-4-methylbenzoic acid and substituting methylamine for 
phenethylamine, gave the title compound. 

20 b)(R,S)-8-I((4,4'-bipiperidin-l-yl)]carbonyl].23,4.5-tetrahydro-2-methyl-3-oxo-lH-2- 

benzazepine-4-acetic acid 

Using the procedures of Example 25(b)-(c), except substituting the compound of 
Example 37(a) for the compound of Example 25(a), gave the title compound. HPLC k' 
3.23 (PRP-1; 15% acetonitrile/water-0.1% TFA); ^H NMR (400 MHz, CD3OD) 57.21- 
25 7.30 (m, 3H), 5.37 (d, J=16.6 Hz, IH), 4.58-4.74 (m, IH), 4.07 (d, J=16.6 Hz, IH). 3.84- 
3.96-(mriH)73:68;3:84"(inriH)73740Tbr d, J=12.6 Hz. 2H). 3.17 (dd. J=17.7, 4.0 Hz. 
IH), 2.69-3.17 (m, 6H), 3.01 (s, 3H). 2.47 (dd, J=17.0. 4.7 Hz, IH), 1.10-2.10 (m, lOH); 
MS(ES) m/e 428.2 [M+H]+ 214.6, 205.4; AnaL (C24H33N3O4.2 CF3CO2HH2O) 
calcd: C, 4953; H, 5.54; N, 6.24. found: C, 50.17; H, 5.32; N, 6.20. 

30 

Examnle 3R 

PrgParatiQnof(R.S)-2.3.4.5-tetrahvdro-7-ri-f4-f4-pvririvn p inera2invl1carhniivn-4. 
methvl-3-oxo-t H- 1 ■4-hftn7.odiazepinft.2.arittir ^p^^ 

35 Methyl (R,S)-7-carboxy-2,3.4,5-tetrahydro-4-methyl-3-oxo-lH-l,4- 

benzodia2epine-2-acetate (2.0 mmol) dissolved in DMF (30 mL) was treated with l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (2.2 mmol), 1-HOBT (285 mg. 
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2.1 mmol) and adjusted to pH 7 with triethylamine. The mixture was treated with 1- 
(pyrid4-yl)piperazine (2.4 mmol), stiired at RT for 48 h, concentrated and the residue 
was purified by flash chromatography to yield the title compound. HPLC k' 4.01 (PRP-1; 
12% acetonitrile/water-0.1% TFA); NMR (400 MHz, CD3OD) 5 8.17 (d, 1=7.4 Hz, 
5 2H), 7. 12^7.24 (m, 4H), 6.63 (d, J=9.0 Hz, IH), 5.59 (d, J=16.7 Hz. IH). 5.21 (dd, J=9.0, 
5.1 Hz, IH). 3.90 (d. J=16.7 Hz, IH). 3.72-3.90 (ra. 8H), 3.04 (s. 3H), 2.94 (dd, J=16.6. 
9.0 Hz, IH), 2.66 (dd, J=16.8. 5.1 Hz, IH); MS(ES) m/e 424.2 [M+H]+; Anal. 
(C22H25N504-2 CF3CO2H) calcd: C, 47.93; H, 4.18; N. 10.75. found: C. 47.86; H. 
4.40; N, 10,87. 

10 

)Byp^p|e39, 

Preparation of ai,S)-7-rrr4-(aminoiminomethvDDhenvll-methvlaminn1ca tfaQnvlV2.3.4,^^ 
tetrahvdro-2-r2-(2-thienvnethvll-3-oxo-lH-2-benzazep ine-4-aceticacid 
1 5 Using the procedure of Preparation 8(c)-(j), except substituting 2-(2- 

1faienyl)ethanamine for 2-phenethylamine in the procedure of Preparation 8(c) and 
substituting sodium borohydride and nickel chloride hexahydrate for Pd/C and hydrogen 
in the procedure of Preparation 8(f) and substituting triethylamine in refluxing toluene for 
sodium methoxide in methanol in the procedure of Preparation 8(g) and substituting 

2 0 litiiium hydroxide in aqueous THF for aqueous sodium hydroxide in methanol in the 

procedure of Preparation 8(j), gave the title compound. 

Example 40 

25 Preparation of fR,SV2.3AS-tBtrahvdrQ-3.oxo-4 ^2-phenvlethvl] V7-rrr^-r4- 

pip&ridnvllDronvllroethvlamino1=carbonvl1^1H^l74^ben«^^^ 

Methyl (R,S)-7-carboxy-4-(2-phenylethyl)-U,4,5-tetnihydro-3-ox^^^ 
benzodiazepine-2-acetate (2.0 mmol) dissolved in DMF (30 mL) was treated wiUi 
benzotriazoH-yloxy-tris(dimethylammo)phosphonium hexafluorophosphate ( 2.2 
30 mmol), 1-HOBT (285 rag, 2.1 mmol) and adjusted to pH 7 witii triethylamine. The 
mixture was treated witii N-methyl-3-[N-(tert-butoxycarbonyl)piperidin-4- 
ylJlpropanamine (2.4 mmol) , stirred at RT for 48 h, concentrated and die residue was 
purified by flash chromatography. 

Tlieproduct is dissolved in 50% TFA/methlene chloride at RT and stiired Ih. The 

3 5 solution is concentrated by evaporation of the TFA and metiiy lene chloride, ledissolved 

in metiiylrae chloride and re-concentiated. 
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A portion of the compound (0.26 mmol) was dissolved in methanol (9 mL), and 
1.0 N sodium hydroxide (0.81 raL, 0.81 mmol) was added. The solution was stirred at 
RT overnight, and concentrated. The residue was dissolved in water/acetonitrile (3 mL), 
cooled to 0°C, and acidified with TFA (0.21 mL, 2.7 mmol). The solution was 
5 concentrated and the residue was purified by reversed-phase flash chromatography (C- 1 8 
silica gel, AN/W-TFA). Concentration and lyophilization gave the title compound. 
MS(ES) m/e 507 [M+H]+ 505 [M-H]-. 



10 g?^ar^p}e4| 

Preparation of (R.SV2.3.4.5-tetrahvdro-4-methvl>3-oxo>7-rrr3-f4-piperidnvllDroDvll 
metfavlaminolcarbonvlMH-1.4-benzodiazepine-2-aceticacid 

Using the procedure of Example 40, except substitutmg the compound of 
15 Example 8(i) for methyl (R.S)-7-carboxy-4-(2-phenylethyl)-13.4,5-tetrahydro-3-oxo-2H- 
l,4-benzodiazepine-2-acetate, gave the title compound. 

20 Preparation of (R.SV2.3.4,5>tetrahvdro-4-isopropvl-3-oxo-8-rrr2-(4-piperidinvn 

a) methyl (R,S>-8-carboxy-2,3,4,5-tetrahydro-4-isopropyl-3-oxo-lH-l,4-benzodiazepine- 
2-acetate 

2 5 Using the procedure of Example 2(a) except substituting isopropylamine for 

isopentylamine and subsdmting diisopropylethylamine in refloxing^^^^ — 



methoxide in methanol in the cyclization step gave the title compound. 

b) methyl (R,S)-2,3,4,5-tetrahydro-4-isopropyl-3-oxo-8-[[[2-(4- 

3 0 pyridyl)ethyl]methylamino] carbonyl]- IH- 1 ,4-benzodiazepine-2-acetate 

Using the procedure of Example 2(b), except substituting the compound of 
Example 42(a) for the compound of Example 2(b), gave the title compound. 

c) methyl (R,S)-23 A5-tetrahydro-4-isopropyl-3-oxo-8-[[[2-(4-piperidinyl) 
35 .etfayl]methylamino]carbonyl]-lH-l,4-benzodiazepine-2-acetate 

Using the procedure of Example 2(c), except substituting the compound of 
Example 42(b) for the compound of Example 2(b), gave the title compound. 
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d) (R,S)-23A5-tetrahydro-4-isopn)pyl-3-oxo-84[[2-<4-piperidi^^^^ 
methylaminolcarbonyl]- IH- 1 ,4-benzodiazepine-2-acetic acid 

Using the procedure of Example 2(d), except substituting the compound of 
5 Example 42(c) for the compound of Example 2(c), gave the title compound. 

Example 43 

PreDanitionoffSV2,3AS-tetrahvdro^f2-p henvlethvn-3-Qxo-«.rr^^^^ 
10 DiperidinvltethvllmethvlaminolcarbonvMH-l ■4-hen2ndia7ftpinft -2-acetic add 

Usuig the procedure of Example 35, except substituting t-butyl 3-amino-4-[N-(t- 
butoxycarbonyI)-N-(2-phenylethyl)aminomethyl]benzoate for t-butyl 3-amino-4-[N-(t- 
butoxycarbonyl)-N-(methyl)-aminomethyl]benzoate in Example 35(a) gave the tide 
compound. 

15 

)Byaniplfi44 

Preparation of m.SV7-rrf4-f aminoiminomethvl^hftnv n-carbonvllmathvlami^ 
tetrahvdro-3-oxo-2-(2-phenvlethvll-lH -2-benzazepine4-aceticacM 

20 

a) methyl (R,S)-7Kbenzyloxycarbonyl)ainino-23,4,5-tetrahydro-3-oxo-2-(2- 
phenylethyl]-lH-2-benzazepine-4-acetate 

A mixture of methyl (R,S)-7-carboxy-2,3,4,5-tetrahydro-3-oxo-2-(2-phenylethyl)- 
lH-2-benzazepine-4-acetate (2,67 mmol), triethylamine (0.42 mL, 5.87 mraol) and 
.25 diphenyl phosphorylazide (0.62 mL, 2.80 mmol) in toluene (20 mL) was heated at 105°C 
for 0;5 hrMter the temperatlTO w^lowe was treated with benzyl 

alcohol (0.60 mL, 0.42 mmol), stirred for 14 h and concentrated. The residue was 
purified by flash chromatography to give the title compound. 

3 0 b) methyl (R,S)-74N-(benzyloxycarbonyl)methylaminol-2,3,4,5-tetrahydro-3-oxo-2-(2- 
phenylethyl]- lH-2-benzazepine-4-acetate 

Hie compound of Example 169(a) was treated with sodium hydride and 
iodomethane in 4: 1 TEffrdimethylf ormamide to give the tide compound. 
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c) methyl (R,SH-niethylamino-23,4,5-tetrahydro-3-ox()-2-(2-phenylethyl]-m 
benzazepine-4-acetate 

Using the procedure of Example 19(c), except substituting the compound of 
Example 169(b) for the compound of Example 19(b) gave the title compound. 

5 

d) methyl (R,S)-7-[[[4-(N-benzyloxycarbonyl)(aminoiraino- 

methyl)phenyl]carbonyl]methylamino]-23,4^-tetrahydro-3-oxo-2-(2-phenylethyl]-lH-2^ 
benzazepine-4-acetate 

The compound of Example 169(b) is treated with 4-[N- 
10 (benzyioxycarbohyl)(aminoiminomethyl)]benzoic acid, BOP andtriethylamine in 5:4 
dichloromethane:THF to give the title compound. 

e) methyl (R,S)-7-[[[4-(aminoimiomethyl)phenyl]carbonyl]-amino]-2,3 A5-tetrahydro-3- 
oxo-2-(2-phenylethyl]-lH-2-benzazepine-4-acetate 

15 Using the procedure of Example 19(c)-(d), except substituting the compound of 

Example 169(c) for the compound of Example 19(b) gave the title compound. 

Example 45 

20 Preparation of fll-SV23 A5-tetrahvdrQ-3-oxo>4-methvl-f^-rrr2-f f2>aminQ^pvrid-4- 
vl1ethvl1methvlamino1caibonvl1-lH4.4-benzQdia7^pin e^2-aceticad^ 

Methyl (R,S)-8-carboxy-4-methyH3,4,5-tetrahydro-3-oxo-2H-1.4- 
. benzodiazepine-2-acetate (2.0 mmol) dissolved in DMF (30 raL) was treated with 
benzotriazol-l-yloxy-tris(dimethylaraino)phosphonium hexafluorophosphate ( 2.2 
25 mmol), 1-HOBT (285 mg, 2.1 mmol) and adjusted to pH 7 with triethylamine. The 
mixture was tieated^th 2-[2-(amino)pyrid-4-yl]-N-(methyl)-ethanamine (2.4 mmol), 
stirred at RT for 48 h, concentrated and the residue was purified by flash 
chromatography. 

A portion of the compound (0.25 mmol) was dissolved in methanol (9 mL), and 
30 1.0 N sodium hydroxide (0.81 mL, 0.81 mmol) was added. The solution was stirred at 
RT overnight, and concentrated. The residue was dissolved in water/acetonitrile (3 mL), 
cooled to OT, and acidified with TFA (0.21 mL. 2.7 mmol). The solution was 
concentrated and the residue was purified by reversed-phase flash chromatography (C-18 
silica gel, ANAV-TFA). 
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Parenteral Dosage Unit Composition 

A preparation which contains 20 rag of the compound of Example 1 as a sterile 
dry powder is prepared as follows: 20 mg of the compound is dissolved in 15 mL of 
distilled water. Hie solution is filtered under sterile conditions into a 25 mL multi-dose 
ampoule and lyophilized. The powder is reconstituted by addition of 20 mL of 5% - 
d^trose in water (D5W) for intravenous or intramuscular injection. The dosage is ' 
thereby determined by the injection volume. Subsequent dilution may be made by 
addition of a metered volume of this dosage unit to another volume of D5W for injection, 
or a metered dose may be added to another mechanism for dispensing the drug, as in a 
bottle or bag for IV drip infusion or other injection-infusion system. 

lExamplie4^ 

Oral Dosage Unit Composition 

A capsule for oral administration is prepared by mixing and milling 50 mg of the 
compound of Example 1 with 75 mg of lactose and 5 mg of magnesium stearate. The 
resulting powder is screened and filled into a hard gelatin capsule. 

Example 47 

Oral Posag^ Unit Compositioft 

A tablet for oral administration is prepared by mixing and granulating 20 mg of 
sucrose, 150 mg of calcium sulfate dihydrate and 50 mg of the compound of Example 1 
with a-10% gelatin soMonrThe wet grandesare^r^^ 
starch, 5 mg talc and 3 mg stearic add; and compressed into a tablet 

Hie foregoing is illustrative of the making and using of this invention. This 
invention, however, is not limited to the precise embodiments described herein, but 
encompasses all modifications within the scope of the claims which follow. 
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(R)-7-[(4,4^bipiperidin-l-yl)carbonyl]-23.4,5-tet^ 
benzodiazepine-2-acetic acid; 
{S)-7-[(4,4'-bipiperidin-l-yl)carbonyll.23.4,5-l^ 
benzodiazepine-2-acetic acid; 
5 Sodium (R.S)-7-[(4,4'-bipiperidin-l-yl)carbonyl]-23A5-tetrah 
1 ,4-benzodiazepine-2-acetate; 
(R,S)-8-[[(4,4'-bipiperidin-l-yl)]carbonyl]-2,3A5-tetrah 
benzazepine-4-acetic acid; and 

(R,S)-23.43-tetrahydro-7-[i-[4-(4-pyridyl)piperazinyl]carbony^^ 
10 l,4-benzodiazepine-2-acetic acid; 

and phamaceutically acceptable salts thereof. 

3. A compound according to formula (m): 




m 



15 wherein 



20 



R is H, Ci-ealkyl benzyl or a carboxy protecting group. 

R3 is Ci^alkyl, Cs-^alkenyl. Ar-Qy^yl C3.7cycloalkylQ)^aIkyl or Het- 

Co-ealkyl.;and 

X is H, Ci^alkyl, q^alkoxy. Ci^alkylthio, tiifluoroalkyl, N(R')2, COiK, 

CON(R*)2,OH,F,aBrorI; 

and pharmaceudcally acceptable salts thereof, 



provided that if X is H, R3 is not phenylethyl or cyclohexylethyL 



4. 



A compound of formula (11): 
0 



25 




wherein 



R is H, Ci-^alkyl, benzyl or a carboxy protecting group; 

R3 is Ci-ealkyl, C3-6alkenyl, Ar-Co^ealkyl, C3-7cycloalkylCo.6alkyl or Het- 

Co-6alkyl.; and 
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X is H, Ci^alkyl, Cj^alkoxy, Cj^alkylthio, trifluoroalkyi, N(R*)2, CO2K 

C0N(R*)2, OH, F, CI. Br or I; 

and pharmaceutically acceptable salts thereof, 

provided that if X is H, is not phenylethyl 

5 

5. A compound according to claim 3 or 4 wherein R3 is H, methyl or isopropyl, 

6. A compound according to claim 3 which is: 
(R,S>2,3A5-letrahydro-4-methyl-3-oxo-8-[[[2-(4-piperidinyl)e%^^ 

10 methylamino]carbonyl]-lH-l,4-benzodiazepine-2-acetic acid; or 
(S)-23,4,5-tetrahydro-4-raethyl-3-oxo-8-[[[2-(4-piperidinyl)eA^^^ 
methylamino]carbonyl]-lH-l,4-benzodiazepine*2-aceticacid; 
or a pharmaceutically acceptable salt thereof. 

15 7. A compound according to claim 4 which is: 

(R,S)-7-[(4,4-bipiperidin-l-yl)carbonyl]-2,3,4,5-tetrahydro-4-methyW 
benzodiazepin&>2-acetate;or 

(S)-7-[(4,4-bipiperidin-l-yl)carbonyl]-23,4i5-tetrahydro4-meft^^^ 
benzodiazepine-2-acetic add 
20 or a pharmaceutically accq)table salt thereof 

8. A pharmaceutical composition comprising a compound according to any one of 
claims 1-7 and a pharmaceutically acceptable carrier. 

25 9. A method for inhibiting platelet aggregation which comprises administering a 
compound according to any one of claims'1-7 to a manimal in need ther^^ 

10. A method for treating myoc^dial infarction, thrombosis, mbolism, stroke and 
inf arct-related disorders, or restenosis following angioplasty, which comprises 
3 0 administering a compound according to any one of claims 1-7 to a mammal in need 
thereof. 



11. A method for inhibiting reocclusion of an artery or vein following thrombolytic 
therapy comprising administering a compound according to any one of claims 1-7 and a 
3 5 thrombolytic agent 
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(R)-7-[(4,4'-bipiperidin-l-yl)cart)onyl]-23,4,5-tetrahydro-4-ra 
benzo(liazepine-2-acetic acid; 

(S)-7-[(4,4'-bipiperidin-l-yl)carbonyl]-2,3,4,5-tetrahydro-4-m 
benzodiazepine-2-acetic acid; 
5 Sodium (R,S)-7-[(4,4-bipiperidin-l-yl)carbonyl]-23,4>tetrahydn)-^ 
1 ,4-benzodiazepine-2-acetate; 

(R,S)-8-[[(4,4*-bipiperidin- 1 -yl)]carbonylJ-2,3,4,5-tetrahydro-2-methyl-3-oxo- 1 H-2- 
benzazepine-4-acctic acid; and 

(R,S)-23,4,5-tetrahydro-7-[l-I4-(4-pyridyl)piperazinyl]carbonyl]-4-methyl-3-oxo^ 
10 l,4-benzodiazepine-2-acetic acid; 

and phannaceutically acceptable salts thereof. 

3. A compound according to foimula QH): 




15 wherein 

R is H» Ci^g^l, benzyl or a carboxy protecting group. 

R3 is Ci^^aHkyl Cs-^^U^nyl Ai-Cq^^^I C3-7CycloalkylCo.5alkyl or Het- 

Co-^alkyl.; and 

X is H, Cj^alkyl, Cj^alkoxy, Cj^alkylthio. trifluoroallcyl, N(R')2, COiR\ 
20 C0N(R')2. OH, F, CI, Br or I; 

and pharmaceutically acceptable salts thereof, 
providiSdthaiifXisHrR^isnot^fiei^le^ 



4. A compound of formula (11): 




wherein 

R is H, Ci^alkyl, benzyl or a carboxy protecting group; 

R3 is Ci.6alkyl, C3.6alkenyl, Ar-Cb-ealkyl, C3-7cycloalkylCo.6alkyl or Het- 

Co-6^dkyl.; and 
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X is H, Ci^alkyl, q^alkoxy, Ci^alkylthio, trifluoroalkyl, N(R')2, CQzR*, 

CON(R')2.0H.F,Cl,BrorI; 

and phaimaceutically acceptable salts thereof, 

provided that if X is H, is not phenylethyl. 

5 

5, A compound according to claim 3 or 4 wherein R3 is H, methyl or isopropyl. 

6. A compound according to claim 3 which is: 
(R,S)-23A5-tetrahydro-4-methyl-3-^xQ-8-[[[2-(4-piperi^^^ 

10 methykunino]carbonyl]-lH-l»4-benzodiazepine-2-acetic acid; or 
(S)-23.4,5-tetrahydro-4.meUiyl-3-oxo-84[[2-(4-pipeiidinyl)em^^^ 
meihyhunino]carbonyl]-lH-l,4-benzodia2epme-2-aceticacid; 
or a pharmaceutically acceptable salt th^of. 

15 7. A compound according to claim 4 which is: 

(R,S)-7-[(4,4'-bipiperidin-l-yl)carbonyl]-23A5-tetrahydro-4-methyW^ 
brazodiazq)ine-2-acetate;or 

(S)-7-[(4,4'-bipiperidin-l-yl)carbonyl]-23A5-tetrahydro4-me 
benzodia2epine-2-acetic acid 
20 or a pharmaceutically acceptable salt thereof 

8. A pharmaceutical composition comprising a compound according to any one of 
claims 1-7 and a pharmaceutically acceptable cani^. 

25 9. A method for inhibiting platelet aggreigation which comprises administering a 
compound according to any one of claims~l-7 to~a mamm^ 

10. A method for treating myop^rdial infarction, thrombosis, embolism, stroke and 
inf arct-related disorders, or restenosis following angioplasty, which comprises 
3 0 administering a compound according to any one of claims 1-7 to a mammal in need 
thereof. 



11. A method for inhibiting reocclusion of an artery or vein following thrombolytic 
therapy comprising admmistering a compound according to any one of claims 1-7 and a 
3 5 thrombolytic agent 



4 
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12. Hie use of a compound according to any one of claims 1-7 in the manufacture of 
a medicament for inhibiting platelet aggregation. 

13. The use of a compound according to any one of claims 1-7 in the manufacture of 
5 a medicament for treating myocardial infarction, thrombosis, embolism, stroke and 

inf arct-related disorders, or restenosis following angioplasty. 

14. A process for preparing a compound according to claims 1-7. which comprises 
treating a compound of foimula (IV): 

10 




wherein 

AlisNHorCH2; 
15 R is H, C]..6^1* benzyl or a carboxy protecting group. 

is Ci-^alkyl, Cs^lkenyl, Ar-Ci.4alkyl or Het-CMalkyl; and 
X is H, Ci^alkyl, q^alkoxy, Cj^alkylthio, trifluoroalkyl. N(R*)2. CQzR*, 
CON(R*)2.0H.F,Cl,BrorI; 

R6' is is 4-amidino-Ar-N(CH3)CO, 4-amidino-Ar-CONH, [[2-(4- 
20 piperidinyl)ethyll(N-methyl)amino]carbonyl, (4,4'-bipiperidin-l-yl)carbonyl, [4-(2- 
aminoethyl)piperidin-l-yl]carbonyl, [[[3-(4-piperidinyl]propyl] methylamino]carbonyl, 
l-[4-(4-pyridyl)piperazinyl]carbonyl, [[2-[(2-amino)pyrid-4-yl]eftyl]methylamino]. 

carbonyl,-[[2-(4-piperidinyl)ethyl]earbonyl]aminor[[-2-^^ 

carbonyljamino, t[2-(l-piperazinyl)ethyl] methylamino]-carbonyl, or [[(1,23,4- 
25 tetrahydro-7-isoqmnolinyl]amino]carbonyl, wherein any basic nitrogen is protected; 
with a reagent, in any order, 

(i) to remove an amino protecting group from R^'; and, if necessary, . 

(ii) to remove a carboxy protecting group from CO2R; and 
(ui) form a pharmaceutically acceptable salt thereof. 

30 

15. A process for preparing a pharmaceutical composition comprising admixing a 
compound according to any one of claims 1-7 with a pharmaceutically acceptable canier. 
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